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ARTICLES

THE PROBLEM OF STONES IN THE COMMON BILE DUCT WITH
PARTICULAR REFERENCE TO RETAINED STONES*
L. G. HAMPSON, M.D., F.R.C.S.[C] and E. A. PETRIE, M.D., Montreal
O perations on the biliary tract form an
increasingly large proportion of general
surgical operations. While some discussion
continues over the advisability of removing
a gallbladder containing “silent” stones, it
seems to have been accepted that those pa
tients harbouring symptomatic gallstones
should undergo cholecystectomy provided
they are in satisfactory condition. The tech
nique of cholecystectomy has been stand
ardized. Much discussion however con
tinues over the advisability of adding
exploration of the common bile duct to the
operative procedure. It is axiomatic that
unnecessary exploration of the duct is un
desirable, but if exploration is not carried
out in the presence of calculi the primary
pathology will not be corrected. While
failure to explore the common bile duct in
the course of cholecystectomy may leave
what may be termed an “unsuspected”
stone in this area, failure to completely
clear the duct of calculi at common duct
exploration will leave a residual or “over
looked” stone or stones.
We have recently reviewed the opera
tions carried out on the biliary tract at
The Montreal General Hospital over the
six-year period ending on January 1, 1962.
While most of these operations consisted
of cholecystectomies with or without com
mon duct exploration, particular attention
has been paid to operations involving re
current exploration of the bile ducts in
order to assess the problem of residual
stones both from the diagnostic and thera
peutic points of view.
C ase M aterial

During the six-year period embraced by
this study, 2090 cholecystectomies were
"From the Department of Surgery, The Montreal
General Hospital and McGill University, Montreal.

performed at The Montreal General Hos
pital. Of these patients, 327, or 15.6%,
underwent common bile duct exploration
in addition to removal of the gallbladder.
There were 12 deaths as a result of the
combined procedure—3.7 % . Common duct
stones were discovered in 156 patients,
47.8% of the total explorations (Table I).
T A B L E I.— P rim a r y B il ia r y O p e ra t io n s ,

1955 - 1961
Cholecystectomy.................................... 2090
Cholecystectomy
Plus common bile duct exploration. 327 (15.6%)
Stones recovered................................. 156 (47.8%)
Retained stones in common bile duct
following exploration..................... 23 ( 7.1 %)
Common bile duct stones following
cholecystectomy..............................
1

Subsequently 23 patients, 7.1% of those
who had undergone exploration of the
common bile duct, were shown to have re
tained stones. Eighteen of these fell into
the group in which the initial exploration
had been positive, that is, where stones
had been removed at the primary opera
tion. The incidence of retained stones
among the 156 patients who had an initial
choledocholithotomy was 11.5%. On the
other hand, among the 171 patients in
whom exploration of the common duct
was unrewarding, five retained stones were
found, an incidence of only 2.9% (Table
II).
T A B L E II.—R e t a in e d S to n es F o l l o w in g
C ommon B ile D u c t E x p l o r a t io n — 23 C a s e s

Following choledocholithotomy (18/156)..
Following negative exploration ( 5/171). .

11.5%
2.9%

Of the 2090 patients studied over the
six-year period, only one who underwent
simple cholecystectomy was subsequently
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found to have a stone in the common bile
duct. However, during this period we en
countered 19 patients with common bile
duct stone who had previously undergone
a cholecystectomy. Six of these patients
had been operated upon at The Montreal
General Hospital, but only one (mentioned
immediately above) during the period of
this study; in the remaining 13 patients the
previous operations had been performed
elsewhere. The explanation for this appar
ent discrepancy is evident in the study of
these 19 patients which demonstrates that
considerable time may elapse before the
recognition of the unsuspected stone. One
stone was discovered during the first post
operative year, eight during the five years
following operation, and the remainder
during varying periods up to 21 years after
the initial operation. While it could be
argued that some of these stones had
formed in the bile ducts at some time fol
lowing the initial operation, we believe that
most or all of them arose primarily in the
gallbladder.
TA BLE

I I I .— R e t a in e d C ommon B i l e D uct
S to n es — 52 C a ses

Following cholecystectomy....................................
Following common bile duct exploration...........
Following re-exploration of common bile duct..
Misdiagnosis (carcinoma of pancreas)................
Pancreatitis................................................................

19
23
8
1
1

A further group of 10 patients with re
tained stones makes up the total of 52
recorded in Table III. In seven of these,
stones had been overlooked following re
exploration of the common bile duct for
retained stones in the first two groups
mentioned in Table III, and in one patient
stones remained after two explorations of
the common bile duct performed else
where. While these eight patients repre
sent instances of twice-retained stones, they
are included in the total because they are
part of our total experience with residual
common duct stones. In two other in
stances, stones were demonstrated at post
mortem in patients dying with suspected
carcinoma of the pancreas and pancreatitis;
previous duct exploration had been nega
tive.
A total, then, of 52 cases of retained
stone were encountered during the period
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of the study, 19 following cholecystectomy
alone, 23 following common bile duct ex
ploration, and the 10 cases described above
(Table III).

T reatm en t

Operation was carried out upon all of
the 19 patients with retained stone follow
ing cholecystectomy alone. In addition to
choledocholithotomy, a cystic duct rem
nant was found and removed in five of
these patients, and in four the remnants
contained stones (Table IV). In one paT A B L E IV .— R et a in e d S t o n e s a f t e r
C h o lecystecto m y — 19 Ca ses

Surgical removal
(5 further retained stones)...........................
Cystic duct remnant
(4 with stones).................................................

19
5

tient, a cystic duct remnant which con
tained stones was removed and concur
rent exploration of the bile duct revealed
no calculi; however, two calculi were later
demonstrated in the common bile duct at
postmortem examination after the death of
the patient from pulmonary embolus. Four
of the remaining 18 patients had further
retained stones and required reoperation.
In those patients in whom stones were
demonstrated in the common bile duct
after cholecystectomy and bile duct explor
ation, surgical removal was carried out in
only 11. Two of this group of 11 had fur
ther retained stones postoperatively. In
five, the T-tube was removed without oper
ation and four of the five patients have
remained asymptomatic to date. Spontane
ous passage of calculi was observed in two
patients before the removal of the T-tube.
Chloroform-ether irrigations were success
fully carried out in four patients and the
retained stone was an autopsy finding in
one (Table V).
TA BLE V.— R et a in ed S t o n es A f t e r C ommon
B i l e D uct E x plo r a t io n — 23 C a ses

Surgical removal
(2 further retained stones)............................
T-tube removed without operation.....................
Spontaneous passage with T-tube in place........
Chloroform-ether irrigations.................................
Autopsy finding........................................................

11
5
2
4
l
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A total of 30 patients were re-explored
for residual stones in this series, 19 after
cholecystectomy and 11 after cholecystec
tomy and common duct exploration. Of
these 30, seven had further retained stones:
an incidence following reoperation of
23% .
In addition to these seven patients with
twice-retained stones, one further patient
with residual stones after two operations
elsewhere makes a total of eight cases of
twice-retained stones. In five of these, the
common duct system was cleared after a
third operation; in one, duct stones remain
despite a third procedure; persistent stones
were demonstrated after a fatal pulmonary
embolus in another; and in the last patient
the remaining stone was demonstrated at
autopsy two years following the last oper
ation (Table VI).
T A B L E V I. — T w ic e - R e t a in e d S t o n e s — 8 C a s e s

Removal.....................................................................
Still present................................................................
Autopsy finding........................................................

5
1
2

D iagnosis of C o m m o n D uct Stone
1. T he Unsuspected Stone
The unsuspected stone is one left in the
duct system at the time of cholecystectomy
in a patient in whom common duct ex
ploration has not been carried out. While
the indications for exploration of the com
mon bile duct seem reasonably well estab
lished, the finer interpretations of these
indications are very much more difficult.
If the indications for exploration are not
absolute but some question as to the ad
visability of duct exploration remains, op
erative cholangiography may be a very
useful aid. Although routine cholangio
graphy should probably not be recom
mended, it may be of considerable value in
demonstrating unsuspected stones in cer
tain situations.5- 10 The techniques of chol
angiography vary, but it is probably most
easily accomplished by injection of a watersoluble contrast medium through a No. 6
ureteral catheter which has been passed
through the cystic duct into the common
bile duct. Saypol12 utilizes this intraductal
catheter to facilitate palpation of calculi
within the duct lumen.
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2. T he O verlooked Stone
A stone is considered overlooked when
it is left behind in the common duct de
spite duct exploration. Diagnosis may be
made in several ways.
(a ) O perative choledochography —Most
surgeons carry out a T-tube cholangiogram before removal of the T-tube after
operation, but it seems obvious that the
optimal time for diagnosis of the retained
stone in the common bile duct is at the
time of operation. This examination is car
ried out in the operating-room following
placement of the T-tube. While lack of
fluoroscopic control and the use of less
specialized equipment may result in some
diagnostic errors, obvious stones are read
ily visualized in this way.
(b) Postoperative ch o led och og rap h y . —
As suggested above, this examination
should be considered a routine examina
tion for all patients in whom a T-tube has
been placed at the time of operation. All 23
patients, in whom stones were diagnosed
following common duct exploration at this
hospital, had common duct stones demon
strated in this way. In order to avoid pos
sible erroneous interpretation of these
studies, stones should be clearly demon
strated on at least two examinations.
(c ) Clinical suspicion.—It appears ob
vious that the diagnosis of retained stone
must be entertained clinically in patients
presenting to the physician or surgeon at
an interval after a gallbladder operation
before further confirmatory studies can be
undertaken. A history of pain with a sug
gestive pattern, fever, intermittent jaun
dice or pale stools may prompt this diag
nosis. Laboratory investigations may reveal
an elevated bilirubin, although such eleva
tions may be transient. Alkaline phospha
tase may be raised even in the absence of
bilirubin elevation. While one would hope
that in the presence of a suspected stone
more elaborate radiological studies could
demonstrate its presence clearly, these
studies frequently are o f no assistance and
a further operative procedure must be
based on clinical and laboratory evidence
alone.
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(d ) Intravenous cholangiography.—With
the advent of this radiological procedure
it was hoped that examination of the bili
ary tract after cholecystectomy would be
very much facilitated. In practice the dem
onstration of residual stones in the com
mon bile duct by means of the intravenous
cholangiogram is infrequent. The useful
ness of this examination is limited in the
presence of an elevated bilirubin, and fre
quently opacification of the duct is not
sufficient to outline calculi. The method
may, however, be of value in confirming
a clinical suspicion if gross dilatation of
the common bile duct is demonstrated.15
Intravenous cholangiography is of no value
in the presence of jaundice.
(e ) O pacification of com m on duct
stones.—The so-called four-day Telepaque
(iopanoic acid) test was introduced by
Salzman and Warden11 in 1958. The pro
cedure is based on the ability of biliverdin
to absorb the contrast medium over this
period. In the presence of duct obstruction
and infection, the bilirubin on the surface
of the calculi tends to be converted to
biliverdin and so opacification becomes
possible. Salzman and Warden were able
to demonstrate 10 of 13 common bile duct
stones in this way and the method has
the additional advantage that stones fre
quently may be outlined in ducts which
cannot be adequately visualized by means
of intravenous cholangiography. The test
may be useful even in the presence of
jaundice.
(f) Transhepatic cholangiography.— Chol
angiography by needle puncture of the
liver, first described by Carter and Saypol in 1952,2 is a procedure which carries
a relatively small morbidity. As physicians
gain increasing experience with it, we be
lieve that this technique will be used
more frequently. In the presence of
jaundice it often provides a more precise
indication of the nature of the obstructing
lesion and allows the surgeon to assess
more deliberately the operative procedure
which may be required for its correction.
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Retained stone in the common bile duct
after cholecystectomy alone requires only
one type of treatment-surgical removal.
On the other hand, demonstration of stones
in the bile duct following common bile
duct exploration leaves one with a choice
of therapeutic methods.
Before proceeding with a further opera
tion for removal of the retained stone,
several alternatives can be considered. If
the calculus is located above the T-tube
and adequate dilatation has been carried
out at the time of operation, removal of
the T-tube will be necessary to allow
spontaneous passage. If, in the opinion of
the surgeon, spontaneous passage is pos
sible, the tube is removed and the patient
is observed closely to avoid any serious
complication that might result from duct
obstruction. If a stone or stones are located
distal to the T-tube, the tube should be left
in position to determine whether spontane
ous passage will occur. Biliary-flushing
techniques have been used in the manage
ment of several patients in the present
series and have been successful in four.
Whether dissolution of calculi actually
occurred or the flushing promoted spon
taneous passage is debatable. Careful atten
tion should be paid to the technique de
scribed for biliary flushing in order to
avoid undue discomfort to the patient.1’ 18
Whether or not a complete biliary flushing
routine is used, bile salts, magnesium cit
rate, cream and olive oil, and one of the
nitrates should be administered to facilitate
spontaneous passage. If these techniques
are unsuccessful, operative removal of the
stone or stones becomes essential.
Secondary operations on the biliary tree
may be facilitated by using the techniques
described by Cattell.4 Demonstration of
the duct and removal of calculi is not an
extremely difficult operative technique. A
failure to demonstrate patency of the am
pulla will, of course, make trans-duodenal
exploration necessary. In reviewing our
cases of twice-retained stones, however,
the 23 % incidence of retained stones in 30
patients re-explored for removal of residu
al stones is alarming. Before completion
of an operation for retained stones one
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should use all possible means to ensure
that the duct is cleared, including ade
quate operative T-tube choledochograms.

D iscussion
1. T he Unsuspected Com m on Duct
Stone
While the indications for common bile
duct exploration at the time of cholecystec
tomy are reasonably well established, the
extreme variability in the incidence of com
mon duct exploration suggests that many
of these indications are relative. In 1931,
Crump studied 1000 consecutive cases of
calculous gallbladder disease at postmor
tem and demonstrated that 25% had
stones in the common bile duct. A re
view of large series of surgically treated
cases showed that the incidence of ex
ploration varies from 10.5% of all cases
(Glenn0' 7) to 45% (Cattell3). In Glenn’s
cases, exploration was positive in 69.1%
and the overall incidence of common duct
stone was 7.2% . Cattell, exploring a much
higher percentage of his cases, found
stones in only 36.7%, which however rep
resented an overall incidence of 16.8%. In
general it would seem that the more fre
quently the duct is explored, the more
frequently stones are found. On the other
hand, as more explorations are performed,
the incidence of unrewarding exploration
also rises. Our experience, exploration in
15.6% of primary biliary operations seems
to approximate the average in the litera
ture and 48% of these explorations resulted
in successful choledocholithotomy.
It is difficult to ascertain the true inci
dence of unsuspected stone following fail
ure to explore the common bile duct. In
this present study, only one patient out of
2090 undergoing cholecystectomy in this
six-year period was subsequently operated
upon for removal of a retained stone.
Classically these stones frequently remain
asymptomatic for many years and un
doubtedly we will encounter further re
tained stones in this group as time goes on.
While it is difficult or impossible to over
come the problem that arises from the
variable interpretations by individual sur
geons of the established indications for
common bile duct exploration, two addi
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tional procedures have recently become
available which will assist the surgeon in
his decision for or against exploration.
The first of these is operative cholangi
ography, and it would seem that with in
creased experience and perfection of tech
niques, the presence or absence of stones
may be demonstrated with a high degree
of accuracy. While it should probably be
considered unwise to refrain from explor
ing the duct because the radiograph was
negative, the use of this procedure in
equivocal cases is certainly to be recom
mended. While some have suggested that
cholangiography should be performed in
all cases of cholecystectomy, the indis
criminate use of this procedure may be
unwise, as postoperative pancreatitis on
rare occasions may complicate its use.
A second more direct approach to the
problem has been suggested by Saypol,12
who utilizes a ureteral catheter in the
common duct to facilitate palpation of in
traductal calculi. We have used this tech
nique with some success and believe that
a wider use of this procedure, which may
be combined with cholangiography, is to
be recommended.
2. The O verlooked Stone
Residual stones after common bile duct
explorations were demonstrated in 23 (7% )
of 327 primary operations at The Mont
real General Hospital. This figure is similar
to those of Glenn and Johnston but is
somewhat lower than others reported.6- 810
In comparing quoted figures for stones re
tained in the duct, attention should be
paid to whether or not the patients studied
underwent choledocholithotomy. In our
own group there was an 11.5% incidence
of retained stones in those who had stones
removed from the common bile duct at
exploration, whereas those who had a
negative duct exploration showed only a
2.9% incidence (Table II). While it might
seem obvious that the absence of stones at
exploration would make the possibility of
overlooking a stone considerably less, it is
important to realize the increased danger
of inadequate duct clearance in a patient
from whom calculi have been recovered.
In patients who had retained stones re-
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moved from the common bile duct at a
second operation, an even higher incidence
of further or “twice-retained” stones was
demonstrated.
What can be done to avoid this very
serious complication? While it seems
accepted practice to carry out radiographic
visualization of the common duct at some
time after the operative procedure and
before removal of the indwelling T-tube,
a similar type of examination is less fre
quently performed at the time of opera
tion. Assuming that this procedure is tech
nically feasible, the information obtained
may be very much more useful at the
operating-table at a time when residual
stones may be removed. While we believe
that this examination should form a part
of every operation of this nature, the
markedly increased incidence of retained
stones
following
choledocholithotomy
makes such an examination imperative
when stones have actually been removed
from the common bile duct.
If, despite all precautions, residual
stones are demonstrated in the duct at
some time after the operative procedure,
further therapy becomes necessary. While
a further operation might seem essential, a
review of our experience suggests that it
may be worth while to delay for a short
period of time in the hope that spontane
ous passage of the stone may occur. The
methods used to facilitate spontaneous
passage have been described and the place
of biliary-flushing techniques has been out
lined.
If stones remain despite these maneuv
ers, re-exploration of the common bile
duct is required. Following re-exploration,
it is again emphasized that the biliary
tree should be visualized at the operatingtable by means of a T-tube choledochogram to ensure that the operation has in
deed been successful. The 23% incidence
of retained stone following removal of
previously retained stones in our study
convinces us that this additional procedure
is essential.

Summary
A review of the experience at The Mont
real General Hospital with common bile

duct exploration over a period of six years
is presented. An assessment of the inci
dence and management of retained stones
has been made. The diagnosis and methods
of treatment of retained stones have been
outlined and the place of operative
cholangiography has been discussed.
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R esume
Le nombre des interventions sur la region biliaire forme une partie importante, et toujours
eroissante, de la chirurgie generate. Les techniques
de cholecystectomie sont maintenant bien au
point. Certaines discussions subsistent encore
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quant a la modalite et a l’opportunite de l’exploration des voies biliaires; il est banal de dire que
toute exploration non necessaire doit etre evitee;
cependant, il est bien evident que lorsque celleci n’est pas faite, il y a un important risque
d’oublier des calculs, et par la meme, de ne pas
traiter correctement l’affection en cause. Le pre
sent article est une etude statistique des interven
tions de ce genre, faites a l’Hopital General de
Montreal pendant une periode de six ans finissant
en janvier 1962. La plupart de ces interventions
etaient des cholecystectomies avec ou sans ex
ploration de l’arbre biliaire. Leur nombre a ete de
2090, avec 12 deces (3.7%). Trois cent vingt-sept
de ces malades subirent, outre la cholecystectomie,
une exploration du canal choledoque, et des cal
culs furent ainsi decouverts dans 156 cas (soit
47.8% du nombre total d’explorations). Ulterieurement, il a ete trouve que 23 malades (soit 7.1%

des explorations) etaient porteurs de calculs “insoupgonnes” . L ’auteur discute alors divers problemes de diagnostic. Si les indications de l’exploration choledoque ne sont pas nettes ou sont
douteuses, il est indique de proceder a une cholangiographie per-operatoire; la technique varie
selon les auteurs. Une des plus simples est d’injecter a l’aide d ’un catheter ureteral no. 6, passe
dans le choledoque a travers le cystique, un
liquide radio-opaque aqueux. Lorsqu’un calcul
demeure dans les voies biliaires apres exploration,
on parle de “ calcul oublie’’ ( overlooked). Le diag
nostic peut etre fait par divers moyens: la choledocographie par tube en T lors de l’intervention;
la cholangiographie intraveineuse; l’opacification
du calcul par des substances du type de l’acide
iopanoique, basee sur la propriete qu’a la biliverdine d ’absorber le contraste; et la cholangio
graphie trans-hepatique.

CHOLECYSTECTOMY WITH ROUTINE SPHINCTEROPLASTY0
J.-P. DROUIN, M .D., F.R.C.S.fC], F.A.C.S.,f Ottawa, Out.

It is generally accepted that the results of
cholecystectomy have been far from satis
factory. According to various reports in the
surgical literature,1''’5 anywhere from 15%
to 30% of patients undergoing cholecyst
ectomy have persistent or recurrent symp
toms postoperatively. Some investigators
claim an even higher incidence of un
satisfactory results. Carter and Marraffino3
in a series of 307 cholecystectomies ob 
served recurrent symptoms in 63% of cases,
an astonishingly high figure.
P ost-C holecystectomy Syndrome

The causes of the so-called post
cholecystectomy syndrome are multiple
(Table I).20'22 These different etiological
factors may result in a persistence of
preoperative symptoms or the development
of a different type of symptom in the post
operative period.
Although some of these errors are avoid
able, others may not be, with the limited
investigative means at our disposal at the
present time.
“ Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons o f Canada,
Quebec, January 1964.
fSurgeon-in-Chief, Louis-de-Montfort Hospital,
Ottawa, Ont.; Associate Professor of Clinical Sur
gery, University of Ottawa.

Erroneous preoperative diagnosis can to
a certain extent be eliminated, but not en
tirely. Many of the disturbances outlined
under this heading may coexist with gall
bladder pathology. I share with the
majority of surgeons the view that a gall
bladder which is the site of symptomless
pathology should nevertheless be removed
even in the presence of symptoms attribut
able to another condition. Cholecystectomy
of course will not cure these symptoms and
TAB LE I.— C a u se s
1.

2.

3.
4.

5.

t h e P ost-C h o l e c y s t e c 
Syn d ro m e

of

tom y

Erroneous preoperative diagnosis:
Faulty dentition, air swallowing, hiatal hernia,
colonic dysfunction, overuse of laxatives, peptic
ulcer, coronary artery disease, tension or anxiety
states, cancer of any abdominal organ
Incomplete surgery:
Cystic duct remnant37
Overlooked ductal stones
Overlooked malignancy
Biliary fistula
Injury during operation:
Bile peritonitis
Bile duet stricture
Residual disease in neighbouring or connected
structure:
Cholangitis, hepatitis, pancreatitis
Stenosis of sphincter of Oddi
Abdominal adhesions
Neuroma at the point of division of the cystic
duct
Physiological derangements:
Disturbances in bile flow after removal of a
functioning gallbladder
Biliary dyskinesia: hypotonic; hypertonic
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it is imperative that this should be ex
plained to the patient preoperatively. How
ever, in spite of a thorough preoperative
investigation, there may be such an over
lay of symptoms as to make it, on occasion,
virtually impossible to sort them out
adequately in the preoperative period.
Although this group is generally included
in the “bad results” of cholecystectomy, it
is probably unfair to the surgeon to do so.
The operation has accomplished its pur
pose, that is, removal of a pathological
gallbladder (even if symptomless), and
should not be considered unsuccessful
when it failed to cure symptoms attribut
able to another condition.
The other causes noted in Table I are
preventable through the exercise of careful
and experienced surgery: cystic duct rem
nant, biliary fistulas, bile peritonitis and
bile duct strictures are all avoidable pitfalls. Abdominal adhesions can, to a certain
extent, be minimized.
Finally, a third group remains in which
the results are not necessarily due to the
incompetence of the surgeon but to the
shortcomings of our present-day investiga
tive and surgical management. Here, I am
thinking of overlooked duct stones, over
looked malignancy in the region of the
ampulla of Vater, pancreatitis, cholangitis,
stenosis of the sphincter of Oddi, disturb
ances in bile flow after removal of a func
tioning gallbladder and biliary dyskinesia
of the hypotonic or hypertonic variety.
The overlooked common duct stone is a
continuous source of embarrassment to the
surgeon and of grief to the patient. Twentyfive per cent of patients with calculous
disease of the gallbladder will have stones
in the common duct. This has been well
demonstrated by various investigators, such
as Crump6 in a series of 1000 postmortem
examinations, Mirizzi7 by operative chol
angiography and Maingot8 in England;
this is also confirmed in the present series.
Reference to the experience of the most
highly competent surgeons in this field re
veals that in all patients undergoing
cholecystectomy, stones are left behind in
the common duct in from 5% to 10% .911
This leads one to wonder about the inci
dence of this mishap in less experienced
hands.
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Early malignancies of the duodenal
papilla, the ampulla of Vater, the terminal
end of the common duct and the head of
the pancreas are all readily missed.
Much has been said and written about
intravenous12 and peroperative cholangio
graphy.9' 13-10 In spite of the enthusiasm of
the protagonists of peroperative cholangio
graphy for this method of demonstrating
stones in the common duct and pathology
at the terminal end of the duct, it is not
unfair to state that this technique in the
hands of the majority of surgeons has not,
after a period of trial, received general
acceptance because of its time-consuming
tediousness and, still more important, the
pitfalls and the difficulty in interpretation
of the films.
Stenosis of the sphincter of Oddi,16-27 29
disturbances in bile flow after removal of a
functioning gallbladder and biliary dyskin
esia38-40 are conditions that stimulate an
ever-increasing interest among internists
and surgeons concerned in the manage
ment of biliary tract disease. Fibrosis of
the sphincter is now recognized as a de
finite entity. Goinard and Pelissier10 in a
study of 700 cholecystectomy cases re
ported its incidence (histologically con
trolled) at 6% . Cattell and his co-work
ers,17' 27 and many others,18’ 29 recognize
that fibrosis of the sphincter of Oddi is
responsible for an appreciable number of
the unsatisfactory results following chole
cystectomy. The majority of fibrosed
sphincters will be missed if one relies only
on the commonly accepted indications for
exploring the common duct.
Biliary dyskinesia occupies an important
place in the post-cholecystectomy syn
drome. It has been defined as “recurring
episodes of pain following cholecystectomy
in which no demonstrable organic cause
can be found”. It is assumed to be due to
autonomic nerve imbalance. Hypotonic and
hypertonic varieties have been described. It
was demonstrated as far back as 1936 by
McGowan, Butsch and Walters’9 that
morphine-induced spasm of the sphincter
of Oddi in a patient who had undergone
cholecystectomy produced an increase in
common duct pressure and pain identical
to that experienced by the patient before
the removal of the gallbladder. It has since
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been recognized20 that alkalis, physostigmine, pilocarpine, nicotine, acetylcholine
and morphine will cause contractions and
spasm of the sphincter of Oddi, whereas
acids, scopolamine, atropine, adrenaline
and notably amyl nitrite will cause relaxa
tion of this sphincter.
There is at the present time no reliable
way of determining which post-cholecystec
tomy patients are liable to suffer from bili
ary dyskinesia. Mallet-Guy24 and Caroli
and Gilles25 have done extensive work on
peroperative manometry in trying to assess
the presence of hypertonicity or hypotonicity of the sphincter o f Oddi. The in
terpretation of readings carried out on the
premedicated and anesthetized patient is
open to question. Besides, it cannot shed
any light on a condition that may only
prevail in the postoperative period, that is,
after the gallbladder has been removed.
R outine T ransduodenal
Sph incteroplasty

In view of all the above-mentioned short
comings of our present-day management of
biliary tract disease, a new approach to
the handling of these problems seemed to
be warranted. It was reasoned that by
adding routine transduodenal sphinctero
plasty to cholecystectomy, many if not all
of these shortcomings could be safely over
come. Apart from all other considerations,
I have always thought that simple removal
of the gallbladder with sparing of the
sphincter of Oddi is physiologically un
sound. These two structures are physiolog
ically related, closure o f the sphincter
causing a reflux of bile into the gallbladder
for purposes of storage. If one of these
structures is sacrificed, the raison d’etre of
the other ceases to exist. Animals which
have no gallbladder— the horse, the rat—
have no sphincter of Oddi. Therefore, if
one structure is eliminated the other should
be, if physiological principles are to be re
spected.
It has been demonstrated in physiological
experiments by Judd and Mann26 that dila
tation of the common duct occurred in
dogs after cholecystectomy but did not if
sphincterotomy was performed at the same
time. Potter and Mann23 then demonstrated
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that the pressure in the common duct in
creases markedly following cholecystec
tomy. Every surgeon knows that dilatation
of the common bile duct is a frequent find
ing following cholecystectomy. This can
only be the result o f increased pressure
which is not physiological and is probably
the cause of pain.
Sphincterotomy and sphincteroplasty in
itself is not a new concept and has been
employed in the treatment of a variety of
conditions. It is the recognized form of
treatment for stenosis of the sphincter of
Oddi.16' 27' 29 The work of Doubilet and
Mulholland30 32 and Cattell and Warren33
on sphincterotomy in the treatment of
pancreatitis is well known. Mallet-Guy and
Rose24 have used the method extensively in
the management of hypertrophy and hyper
tonicity of the sphincter. Colp34 in 1946
presented eight cases in which sphincter
otomy was used in the treatment of post
operative biliary dyskinesia.
Furthermore, the advantages o f trans
duodenal exploration of the common duct
have been recognized over the years.
Wright35 in England has made it a practice
for 20 years to avoid opening the common
duct, believing this procedure to be harm
ful and unnecessary. Mahorner36 in 1949
reported 16 cases of supraduodenal and
transduodenal exploration of the common
bile duct. Even in this small group of
patients, when the duodenum was opened
he found many surprising conditions that
would have been overlooked had it not
been opened. This has also decidedly been
my experience in the present series of
cases. If sphincteroplasty is the recognized
treatment for so many of the causes of the
post-cholecystectomy syndrome, why not
do it prophylactically in all cases of
cholecystectomy, if it can be done effec
tively, within a reasonable period of time
and without increasing the mortality and
morbidity rates of the operation?
These objectives have been accomplished
in 100 consecutive cholecystectomies by
using the following technique.
O perative T e c h n iq u e

The gallbladder, cystic duct, common
duct, pancreas and duodenum are in
spected and palpated in the usual manner
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Fig. 1.—Bakes’ dilator or probe passed into the
duodenum via the cystic and common ducts
makes it extremely simple to locate the duodenal
papilla and sphincter of Oddi.

for detection of stones or other pathology.
The cystic artery is dissected, ligatured
and sectioned. The cystic duct is dissected
and its junction with the common duct is
exposed. The gallbladder is removed in the
usual manner, except that the cystic duct
is initially sectioned at its junction with
the gallbladder. After peritonealization of
the gallbladder bed, a small incision is
made in the lateral wall of the cystic duct
and a 3 mm. Bakes’ dilator is inserted via
the cystic duct into the common duct,
through the sphincter of Oddi, into the
duodenum (Fig. 1). Failure of the 3 mm.
dilator to enter the duodenum is considered
suggestive of stenosis at that point. Occa
sionally the cystic duct is too small to re
ceive the 3 mm. dilator; a small probe is
then used and passed into the duodenum.
A small incision (usually not more than
1") is made in the anterior wall of the
second portion of the duodenum. The duo
denal contents are suctioned to prevent
spillage. The tip of the Bakes’ dilator is
grasped and it then becomes an easy matter
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Fig. 2.—Duodenum open, section of the sphinc
ter in upper outer quadrant is being carried out.

to locate the duodenal papilla and sphincter
of Oddi. Any anomalies in the region are
noted. The papilla is held up by the inser
tion of two silk sutures. The jaw of a pair
of fine-pointed scissors or a special sphincterotome is inserted into the ampulla and
the sphincter is incised in its upper outer
quadrant (Fig. 2). If the scissors cannot be
passed alongside the shaft of the dilator,
the latter is pulled back into the common
duct. If, because of stenosis, the dilator or
probe cannot be passed into the duodenum,
one cuts down on the tip of the dilator to
enter the ampulla. The incision is deepened
until the diameter of the opening reaches
that of the common duct. This is felt to be
of importance, as will be discussed in a
moment. This deep section is facilitated by
introducing silk sutures in the side wall of
the incised duct and using them to exert
traction in order to bring the duct into the
wound as the incision becomes deeper.
When the incision is completed, the duo
denal mucosa is approximated to the wall
of the incised duct with a series of inter
rupted 000 chromic catgut sutures (Fig. 3).
This type of “longitudinal” incision and
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Fig. 3.—Sphincteroplasty has been accomplished.
Note that the size of the opening is the same as
the diameter of the common duct. The sectioned
common duct wall is approximated to duodenal
mucosa with a series of interrupted 000 chromic
catgut sutures.

transverse” closure produces a Mikulicz
type of plasty which, in my opinion, is one
of the factors maintaining patency of the
aperture. As these chromic sutures are
introduced, the silk traction sutures are re
moved. These interrupted chromic sutures
are temporarily left long and their ends
grasped by forceps.
The dilator is now removed from the
cystic duct and it is replaced by a fine
catheter which is tied into the cystic duct.
A thorough irrigation of the common duct
with physiological saline is carried out
through this catheter (Fig. 4). At the same
time the site of the plasty is held up by the
assistant exerting traction on the chromic
sutures, and the saline and calculi, if there
are any, are seen to gush out through this
opening. When the return is entirely clear,
the catheter is removed from the common
and cystic duct. A transduodenal instru
mentation is now practised if deemed
necessary. Desjardins forceps, probes and
scoops are easily introduced into the com
mon duct via the sphincteroplasty. It is
astonishing how much easier instrumenta
tion of the common duct can be by the
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Fig. 4.—Common duct is being irrigated via
catheter in the cystic duct.

transduodenal approach (Fig. 5). It is like
fishing down directly into a well when

Fig. 5 .—Calculi are being easily expressed from
common duct into duodenum through the plasty
opening.
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compared with the awkward and difficult
manipulations of the standard lateral-wall
approach. The author is now experimenting
with a direct vision choledochoscope to
further improve the operative investigation.
Finally, when exploration is complete, a
small polyethylene tube, about 1" in length
and of a diameter that will fit loosely into
the common duct, is fixed at the choledochoduodenal junction with a stitch of
000 chromic catgut so that its proximal
extremity lies in the common duct and its
distal extremity in the duodenum (Fig. 6).
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eroplasty usually adds about 30 minutes to
the operating time. The entire operation,
including routine appendectomy, averages
an hour and a quarter to an hour and a
half.
C o n t r a in d ic a t io n s

The procedure should not be employed
in severe acute cholecystitis. The presence
of infection, the edema which may be
present in the wall of the duodenum, or a
very ill patient greatly increases the risk of
the procedure. One would be particularly
afraid of a duodenal fistula resulting from
the closure o f an edematous duodenal wall.
The procedure has been performed with
out complication in two or three early cases
of acute cholecystitis, where edema was
limited to the gallbladder wall. Age in
itself is not a contraindication. The oldest
patient in this series was 72 and this addi
tional procedure did not in any way affect
her convalescence. Systemic diseases such
as diabetes and heart disease should be
taken into consideration and each case
assessed on its own merits.
O p e r a t iv e F in din gs

To eliminate personal variations, all of
the cases reported here were operated upon
by the author. The results are presented in
Table II. For purposes of this study any
T A B LE II. — O p e r a t iv e F in d in g s
t iv e

in

100 C o n s e c u 

C h o l e c y s t e c t o m ie s

Stones in the gallbladder......................................
Dilatation of the common du ct...........................

96
18

Stones in the common duct..................................

22

catgut suture, which is absorbed in six to seven
days, and the tube passes down the bowel.

Unsuspected stones in the common du ct...........
Stenosis of the sphincter of Oddi........................
Chronic pancreatitis...............................................
Benign stenosis of the common d u ct..................
Fibroma of the duodenal papilla.........................

13
10
5
1
1

The incision in the duodenal wall is now
closed in two layers (an all-coats running
suture of 00 chromic catgut and a serosal
layer of interrupted 000 silk sutures). The
cystic duct is sectioned almost flush with
the common duct and the common duct
peritonealized with interrupted 000 silk.
Penrose drains are led out from the area of
the foramen of Winslow and, after routine
appendectomy, the abdominal wall is closed
in layers. The transduodenal sphinct

common duct with a diameter greater than
8 mm. was considered to be enlarged.
Of the 22 cases presenting with stones in
the common bile duct more than one-half
would ordinarily have been missed by
accepted management of these cases. These
stones which would have been missed
were small and escaped detection by the
usual method of palpation.
In 13 cases of unsuspected stones in the
common duct, none of the accepted indi-
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cations for exploration of the common duct
were present. For the purposes of this
study the following indications were ac
cepted: (a) dilated common bile duct; (b)
stones palpable in the common bile duct;
(c) “ tumour” palpable at terminal end of
common bile duct; (d) history of or pres
ence of jaundice; (e) gallbladder contain
ing stones smaller than the calibre of the
cystic duct; (f) when the clinical findings
suggested cholelithiasis, yet at operation no
stones could be palpated in the gallbladder
or biliary ducts; (g) when aspiration of the
common duct with a needle revealed other
than normal golden-yellow bile. This means
that 13 patients out of 100 operated upon
for cholelithiasis would have left the
operating-room with stones remaining in
the common duct.
Stenosis of the sphincter of Oddi, 10
cases, was considered to be present when a
3 mm. Bakes’ dilator could not be passed
through the sphincter on the fully anesthe
tized and curarized patient, even when
exerting a considerable amount of pressure.
Five of these cases would ordinarily have
been missed, as no indications were present
for exploring the common bile duct.
Chronic pancreatitis, five cases, was as
sessed grossly when a hard generalized
induration of the head of the pancreas was
found. Local induration or borderline cases
are not included in this group. This there
fore is a conservative estimate.
From Table If it is evident that if transduodenal sphincteroplasty had not been
carried out routinely the following lesions
would have been missed: (a) 13 cases of
common duct stones, (b) five cases of
stenosis of the sphincter of Oddi, and (c)
one fibroma of the duodenal papilla; and
five patients with pancreatitis would
have been deprived of useful therapy.
Therefore, of 100 patients, 24% would
have received inadequate surgical man
agement. This figure, of course, does not
include the cases of biliary dyskinesia that
might have occurred postoperatively if the
sphincter of Oddi had not been sacrificed.
There is, of course, no way of assessing
this.
M o r t a l it y

and

M o r b id it y

It is important to determine whether this
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additional procedure has increased the
mortality and morbidity rates of chole
cystectomy. There was one death in the
100 cases. It occurred in the early part of
the series in a 54-year-old woman with
cardiac disease who died 48 hours after the
operation in a state of apparent shock. At
that time, the difficulties of the operation
had not yet been completely ironed out. It
is felt that this death could have been
avoided had the operation been performed
at a later date. Autopsy was inconclusive in
determining the cause of death. There was
no evidence of acute pancreatitis but a
curious retroperitoneal edema was present
which extended down to the region of the
cecum. It was felt that there must have
been some leakage at the site of sphincter
oplasty. At that time suturing of the duo
denal mucosa to common duct was not
being done.
It must be mentioned that different
methods of sphincteroplasty were tried
during the time the first 25 patients were
being operated upon, before adopting the
now routine procedure described in this
communication. At first, no tubes whatever
were left in the common duct; for a time
duodenal mucosa was not sutured to the
common duct wall; an attempt was made
to leave a T-tube in the common duct with
a long branch extending into the duo
denum, and tubes were inserted in the
common and pancreatic ducts and exterior
ized through the duodenal wall. However,
nearly all of these procedures produced
stormy and alarming convalescences, with
considerable elevations of temperature and
pulse increases for periods of five to six
days. At least four or five cases presented
the clinical picture of acute pancreatitis.
This experience stresses the importance of
proper operative technique, for as soon as
the present method was adopted, 75 con
secutive cases were performed without any
incident whatever. There was no com pli
cation of any kind and all these patients
were discharged from hospital seven or
eight days after operation. It is therefore
justifiable to conclude that this additional
maneuver adds nothing to the mortality
and morbidity rates of cholecystectomy.
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F ollow - up Study

It has been possible to follow-up 85 of
the 100 patients for a period ranging from
three years to four months (the patients
most recently operated upon and included
in this series). There has been one post
operative death (vide supra). Another
patient died two years after operation from
primary carcinoma of the liver of which
there was no evidence at the time of opera
tion. Seven patients (8 % of the follow-up
group) have a variety of symptoms which
seem to be triggered by the ingestion of
fatty foods. They are relatively well and
satisfied as long as they adhere to the diet
ary restriction of certain fats. Eight patients
(9% ) have what they describe as occasional
attacks of pain similar to their preoperative
pain, lasting from three to four minutes.
These attacks occur from once a week to
once a year. They are occasionally asso
ciated with meals but seem to be more
particularly related to bouts of nervous
tension. It is interesting to note that the
majority in this group are high-strung and
tense individuals. Sixty-eight patients
(80% ) are completely well and have no
symptoms of any kind and the majority
can eat practically anything. None of these
85 patients has required any further opera
tion on the biliary tract and none has
suffered from jaundice at any time.
D iscussion

The morbidity and mortality rates of
sphincteroplasty due to acute pancreatitis,
as reported in the literature,41-42 is some
what staggering. Deucher41 reports a
mortality rate of 12%. It is felt that the
operative technique (as described above) is
of major importance in the prevention of
this catastrophe; not a single case of acute
pancreatitis occurred during the use of this
technique in the 100 consecutive cases re
ported here.
Manipulation of these delicate structures
must be as gentle as possible. Consider
able trauma with consequent edema and
obstruction to the opening of the pancrea
tic duct can be caused by clumsy and
tedious search for the duodenal papilla.
Finding of the duodenal papilla may be
difficult because it is a small structure lost
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in duodenal folds. This difficulty has been
overcome by the introduction of the dila
tor through the cystic duct into the duo
denum. This is a sure, non-traumatic, rapid
guide to the ampulla. No mention has been
made of mobilization of the second part
of the duodenum. This at times may be
necessary, particularly in obese patients
where exposure is difficult. It will facilitate
what could otherwise be a very laborious
procedure in a particularly obese patient.
However, it is felt that this maneuver
should not be contemplated unless abso
lutely necessary. It traumatizes the head of
the pancreas and exposes the retroperi
toneal tissues to duodenal and biliary spil
lage. Also, no mention is made of attempts
to localize the opening of the pancreatic
duct. This was carried out in the early
cases and it was realized that the neces
sary probing and sponging caused a con
siderable amount of congestion and edema
of the delicate mucosa. Convalescence
was always more difficult in patients in
whom the pancreatic duct had been probed
and cannulated. It was abandoned as an
unnecessary maneuver.
It is important that section of the
sphincter should be carried out in the
upper outer quadrant. This eliminates the
possibility of traumatizing the pancreatic
duct. Also, the section should be carried
as deeply as necessary in order to obtain a
sphincteroplasty opening equal to the dia
meter of the common duct. This is neces
sary if any stones which might escape ex
ploration are subsequently to pass into the
duodenum. It is astonishing how deep this
incision has to be made occasionally, as
much as % " in some patients. There is, in
a good percentage of cases, a marked nar
rowing of the common duct just proximal
to the ampulla of Vater which must be sec
tioned if the anticipated results are to be
achieved. No definite length of incision can
be established; each case has to be assessed
individually.
There is considerable difference of
opinion in the surgical literature as to
whether the duodenal mucosa should be
sutured to the common duct wall. I feel
strongly that this should be done in all
cases for the following reasons:
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1. It provides a better guarantee that
healing will occur without stenosis. This
type of suturing more or less applies the
Mikulicz principle of plasty, that is, longi
tudinal incision with transverse closure. A
fundamental principle in surgery of any
muscular sphincter is that a single trans
verse section does not produce incontin
ence.
2. It prevents pancreatic fluid digestion
of the area exposed by sphincterotomy. In
sectioning the sphincter there is some
separation of the mucous membrane of the
wall of the duodenum from the cut edge
of the duct. Pancreatic fluid digestion of
this area may occur.
3. It prevents extraduodenal leakage and
peritonitis if section has inadvertently gone
too far in the duodenal wall.
It is important that no instrumentation
be carried out through the plasty opening
before transcystic irrigation is accom
plished. Otherwise stones distal to the
cystic duct might be forced back into the
hepatic ducts. By irrigating first, all stones
or sludge distal to the cystic duct will be
flushed out into the duodenum.
Finally, I feel that probably the most
important part of the procedure lies in
leaving the small polyethylene tube to
bridge the sphincteroplasty for the few
days that are necessary to allow for the
disappearance of the inevitable edema
which arises at the site of the plasty. In
the first few cases this tube was omitted
and the convalescence in every case was
quite stormy. Postoperative edema at the
site of the plasty will inevitably obstruct
the flow of bile and distend the bile pas
sages; it may cause the cystic stump to
"blow” and may cause regurgitation of bile
into the pancreatic duct. This simple little
tube allows the bile to flow freely into the
duodenum. The tube is passed down into
the bowel in seven or eight days, when the
dangerous period of edema is over. It is
easy to assess its position and follow its
progress radiologically down the bowel by
fixing one or two small Cushing silver clips
to its distal extremity. It also eliminates the
necessity of leaving T-tubes or other cath
eters in the common duct, a procedure
extremely traumatic to a very delicate
structure.
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The entire procedure of transduodenal
exploration of the common duct in fact
eliminates much of the trauma to the com
mon duct. There are no incisions in the wall
of the common duct. No irritating and
traumatic tubes are left behind to give
rise to infection, cholangitis and hepatitis.
There has been some argument about
duodena] closure. All incisions have been
closed longitudinally without ill effects. It
is felt that a transverse closure is not neces
sary and even at times a little more diffi
cult to execute because of the “dog-ear”
effect at the extremities of the incision.
Sphincteroplasty does permit duodenal
reflux or regurgitation of duodenal con
tents into the biliary tract. The fear has
been frequently expressed in the literature
that this may set up cholangitis and fatal
infection. This concept is entirely false. It
is not reflux that causes cholangitis but bile
stasis such as is encountered in stenosis of
the biliary tract, notably at the site of
choledochointestinal anastomoses. Experi
ence with several hundred cases of
sphincteroplasty reported in the litera
ture,16 and the present series, confirms this
opinion.
The above-described procedure has been
carried out during 100 consecutive chole
cystectomies. In the course of this experi
ence it has been amply demonstrated that
the procedure has the following merits:
1. It eliminates the danger of missing
early neoplasms of the duodenal papilla,
the ampulla of Vater, the terminal portion
of the common duct and the head of the
pancreas. By opening the duodenum,
visual and digital inspection of these struc
tures is made possible.
2. It eliminates the problem of the resid
ual stone. Stones and biliary sludge distal
to the cystic duct are flushed out by irriga
tion. Instrumentation and choledochoscopy
will reveal whatever stones have escaped
irrigation. Finally, in the unlikely event
that any stone has escaped all of these
maneuvers, it can be assumed that it will
pass spontaneously into the duodenum be
cause the sphincteroplasty opening has the
same diameter as that of the common duct.
3. It eliminates the danger of overlook
ing cases of stenosis of the sphincter of
Oddi.
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4 . It is a recognized form of treatment
for certain types of pancreatitis. Many
cases of cholecystitis are associated with
greater or lesser degrees of pancreatitis.
Doubilet and Mulholland30’ 31 and others
have demonstrated the value of sphincter
oplasty in the management of these condi
tions. It is therefore a useful supplement to
the management of those cases of chole
cystitis which are associated with a certain
degree of pancreatitis of biliary origin.
5. It is the best, easiest and least trau
matic way of exploring the common bile
duct. Reference has already been made to
the technical advantages of this avenue of
approach to the common duct.
6. It eliminates the problem of leaving
tubes in the common bile duct. At best
these are a source of trauma to a delicate
structure, a source of infection, cholangitis
and hepatitis. One shudders at the trauma
that is caused to the common duct when a
T-tube is removed, with its consequent
laceration and scarring of the common duct
wall. It is indeed a marvel of nature that
such a crude insult to the common duct
does not result in greater morbidity.
7. It eliminates the danger of missing a
ligatured common duct. Simple introduc
tion of a dilator down the common duct is
an immediate guarantee of its patency.
8. It settles the problem of biliary dys
kinesia. If the plasty is properly carried
out, incontinence of the sphincter is as
sured and postoperative pain owing to
spasm of this structure is thereby
eliminated.
9. It eliminates the necessity of peroperative manometry and cholangiography.
Manometry ceases to be necessary if the
sphincter is going to be sacrificed in any
case. Cholangiography is unnecessary since
direct visualization replaces radiographic
visualization.
Sum m ary

The causes of the post-cholecystectomy
syndrome have been reviewed. Routine
sphincteroplasty with cholecystectomy for
the treatment of cholelithiasis is advocated
to minimize the occurrence of this syn
drome. The operative technique is des
cribed and discussed.

Operative findings in 100 consecutive
cases are reported in detail. The advan
tages of this technique are outlined.
The follow-up study of 85 of these 100
cases is presented.
It is felt that this approach to surgery
of the gallbladder has considerably im
proved the postoperative results, as evi
denced in the cases presented.
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R esu m e
Differents rapports dans les journaux medicaux
de diverses origines s’accordent a constater l’existence d’un syndrome “post-cholecystectomie”. Les
causes en sont multiples: diagnostic pre-operatoire
erronne, chirurgie insuffisante laissant persister un
certain degre de pathologie, erreurs techniques
pendant l’intervention, affection concomittante
(pancreatite, cholangite, stenose du sphincter etc.),
troubles fonctionnels. La dyskinesie biliaire est de
plus un important facteur etiologique; elle semble
etre due a un trouble de l’innervation autonome
de la region, et se traduit par des episodes dou
loureux a repetition. L ’auteur pense que l’apparition de ee syndrome pourrait etre evitee par un
traitement plastique du sphincter d’Oddi. L ’ablation de la vesicule biliaire avec conservation du
sphincter semble illogique: les deux organes exis
tent simultanement en fonction l’un de l’autre,
et les animaux qui n’ont pas de vesicule n’ont pas
non plus de sphincter. La technique est la suivante: la vesicule et l’arbre biliaire sont soigneusement inspectes, puis l’artere cystique est liga^
turee et sectionnee. Le canal cystique est disseque
et sa jonction avec le choledoque bien visualisee.
La vesicule est enlevee de fagon usuelle, mais
apres section prealable du canal cystique; le lit
vesiculaire est peritonealise, et une petite incision
est pratiquee dans la paroi laterale du cystique:
ceci permet d’introduire un dilatateur a travers
le sphincter jusque dans le duodenum. Ce dernier
est ouvert sur une petite longueur, ce qui permet
d’acceder a l’ampoule de Vater et d’inciser celleci, par sa face interne, jusqu’a ce que Ton
obtienne une ouverture de meme calibre que
celui du choledoque. Cette intervention a donne
d’excellents resultats. L ’auteur a pu suivre postoperatoirement un groupe de 85 malades ainsi
traites pendant des periodes variant entre quatre
mois et trois ans: aucun d’entre eux n’a necessite
de reintervention sur ses voies biliaires, ni pre
sente de jaunisse.
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MALIGNANT POLYPS OF TH E COLON0
R. W. CRAM, M.D., F.R .C .S.JC ], Saskatoon, Sask. and
A. F. BOND, M .D.,f Brooks, Alta.
T h e present study was undertaken to deter
mine the adequacy of local removal in the
treatment of malignant polyps of the colon.
Among 802 cases of carcinoma of the left
half of the colon registered at the Saska
toon Cancer Clinic between 1950 and
1959, there were 64 patients with malig
nant polyps treated by various methods.
This review is based on a study of these
64 cases. No cases of familial or multiple
polyposis are included. Also excluded were
polyps found in association with a carci
noma of the colon that had been resected.
For the purposes of this paper, a malig
nant polyp is considered to be any case
of carcinoma in polyp (either sessile or
pedunculated) where that carcinoma shows
early, usually Grade I, changes in the epi
thelium, with no invasion through the
muscularis mucosae.3
There were three types of polyps. The
first group was composed of 23 sessile
smooth-surfaced polyps; nearly all of these
were under 2 cm. in maximum diameter.
The second group was composed of 20
sessile papillary-surfaced polyps, or villous
papillomas; all of these were over 2 cm. in
diameter, the largest measuring 6 x 8 cm.
The third group consisted of 21 peduncu
lated polyps, some of which were smooth
surfaced and some papillary-surfaced, the
papillary-surfaced lesions being larger,
generally over 2 cm. in diameter.
In reviewing the location, 72 polyps had
to be considered, as some of the 64 pa
tients had more than one polyp. The ma
jority of polyps were quite low, and well
within the reach of the sigmoidoscope.
There were 53 polyps below the level of

“ From the Department of Surgery, College of
Medicine, University of Saskatchewan, ana the
Saskatoon Cancer Clinic, University Hospital, Sas
katoon, Sask.
Presented at the 1962 Meeting of the Canadian
Association of Clinical Surgeons, Western Divi
sion.
fForm erly Clinical Associate, Saskatoon Cancer
Clinic.

the peritoneal reflection (0 to 14 cm. from
the anal opening); 14 were located from
14 to 25 cm. above the anal opening; only
five were above the 25 cm. level, that is,
completely above the reach of a sigmoido
scope.
A consideration of the age and sex of
these patients (Tables I and II) reveals that
most of these tumours develop after mid
dle age, and are slightly more common in
the male than in the female.
T A B L E I.— A g e D is t r ib u t io n

in

Y'ea r s

40-49

50-59

60-69

70-79

80-89

8

14

22

17

3

T A B L E I I .— S e x D is t r ib u t io n
M ales............................................
Fem ales........................................

Table III shows that the
symptoms these patients
bleeding. An uncommon
symptom is the excessive

37
27

most significant
have is rectal
but interesting
mucus, present

T A B L E III.— S ym pto m s
Prolapse................ . . . 7
Bleeding................ . . . 38
7
Diarrhea............... .. . 11

Excessive mucus...
Pain...........................
Routine
sigmoidoscopy. . . .

0
1?
5
14

in five; each of these patients had a fairly
large villous papilloma. However, none of
these had the severe electrolyte disturb
ance described by some authors in villous
papillomas with mucous diarrhea.3
Various methods were used in treating
these malignant polyps (Table IV); 43
were treated by local removal and
25 were treated by radical removal. Local
removal refers to either local excision of
T A B L E IV.— M et h o d

of

T

r e a t m en t

Transrectal local rem oval.........................................
Laparotomy with local rem oval.............................
Abdominoperineal resection.....................................
Anterior resection.........................................................

28
19
21
4
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the entire polyp in one piece, snare f i g u r 
ation, or piecemeal removal. The peduncu
lated polyps are more readily removed in
one piece through the sigmoidoscope than
are the sessile polyps, and in the latter,
piecemeal removal frequently is required.
TABLE V.— R

Local removal. .
Abdomino
perineal ............

e su lt s of

T r ea t m e n t

Pedunculated

Sessile
(smooth)

Sessile
(papillary)

Total

13

15

6

34

5

11

21

4
(2 deaths)

0

4

5
(1 death)
Anterior resection.
0

Deaths from
1
0
0
recurrences.. . .
Recurrence and
1
0
0
well..................
Excludes three patients who died of other diseases.

TAB LE

VI.— F o l l o w -U p

St u d y

of

1
1

T reated

C ases

Alive and well

Pedunculated
Sessile

2 to 5 years. . .
7
5 to 12 years. . 1 0

14
8

Villous

Total

5
13

26
31

Deaths

1 death 2 deaths 1 death
after
after
at 18
radical radical months
surgery surgery of re
currence
Excludes 3 patients who died of other diseases.
Of the 31 patients alive and well five years
or longer, 15 were treated by local removal.

Tables V and VI give the results of
treatment and follow-up study from two
to 12 years and allow some very interesting
conclusions to be drawn.
There were no deaths from recurrence
in the groups with pedunculated malignant
polyps, or with smooth-surfaced sessile ma
lignant polyps.
There was one death due to recurrent
disease from a sessile papillary malignant
polyp (villous papilloma). In this case, on
the basis of a biopsy, the lesion was
identified as a papillary malignant polyp,
although the attending surgeon thought it
looked like an obvious carcinoma, and de
scribed it as such on the proctoscopy re
port. However, the patient was 79 years of
age and quite debilitated and only local
treatment was carried out. The tumour re
curred as invasive carcinoma after two at
tempts at local excision, and eventually
caused death from metastases after 18
months.
; i
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There was one recurrence of a large
sessile papillary malignant polyp (villous
papilloma) in an 89-year-old debilitated
woman in whom only repeated local curet
tages were performed, as it was believed
that she would not tolerate the radical
surgery necessary for full removal. H ow 
ever, she remains as well as her age and
general condition permit four years after
her first treatment.
Most significantly, three deaths occurred
after radical surgery, and in each of these
the pathological report after radical ex
cision showed a very low grade o f malig
nancy that undoubtedly would have been
adequately managed by local excision.
C a s e 1.— A 60-year-old patient died 10
days after anterior resection for a small sessile
1 cm. polyp of Grade I malignancy at a level
7 cm. above the anus.
C a s e 2.— An 89-year-old patient died four
days after an anterior resection for a 1 cm.
malignant polyp at 13 cm. above the anus.
No residual tumour was present in the re
sected colon; it had apparently been fully
removed with the biopsy.
C a s e 3.— A 66-year-old patient died three
weeks after an abdominoperineal resection for
a 2 cm. pedunculated Grade I malignant
polyp 9 cm. above the anus.

Three other deaths occurred at various
intervals after treatment; these were all
deaths from other forms of disease.
Table VI shows that 31 patients (ap
proximately half o f the series) have been
follow ed up for five years or longer with
out recurrence; 15 of these were treated by
local removal only.
No recurrences follow ed removal of 16
pedunculated malignant polyps, 12 of
which were treated by local excision. Of
the four patients treated by radical surgery,
one died after operation.
There were no recurrences in 22 sessile
smooth-surfaced polyps, 15 of which were
treated by local surgery. Among the seven
patients treated by radical surgery, there
were two deaths.
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Fig. 1.—(1) Low pedunculated and (2) smooth sessile polyps are readily removed from below.
Local removal is adequate for non-invasive malignant polyps. (3) High pedunculated polyps must be re
moved by colotomy. Even with Grade I malignancy and no invasion of muscularis mucosae, local
excision is adequate. (4) Low villous papillomas can be removed by wide local transrectal excision
or by low anterior resection, or^other sphincter-preserving operation. Abdominoperineal resection
should be avoided if possible. (5) High villous papillomas should be removed by wide segmental
resection of colon. (6 ) High smooth-surfaced sessile polyps above the reach of biopsy by sigmoido
scope should be similarly excised.

D ISC U SSIO N

It is quite apparent in this series that
there were more deaths (three) due to
radical surgery for low-grade malignant
polyps than to recurrence of disease after
inadequate local surgery. Only one death
can be attributed to failure of local sur

gery, and in this case the treatment was
chosen largely because of the patient’s
poor general condition.
Malignant papillary sessile polyps (vil
lous papillomas) appear to have a greater
malignant tendency, because they are
larger and recur more often. It is possible
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through the muscularis mucosae; if this is
the case, no further treatment is necessary.
Continued observation and follow-up ex
amination, however, are indicated. Should
evidence of invasive malignant change be
seen, radical surgery is indicated.
(b ) Sessile smooth polyps.—These can
be handled in the same manner as the
pedunculated type, except that the higher
ones may be difficult to remove satisfac
torily via the sigmoidoscope. In these in
stances, laparotomy and colotomy may be
necessary to remove the polyp.
(c ) Sessile papillary polyps (villous
papillom as).—With or without malignant
change on biopsy, this is a more danger
ous tumour because it is sometimes quite
large (up to 6 x 9 cm. in the present series),
and it has a distinct tendency to malig
nant degeneration, local recurrence and
even distant metastases.
If on multiple biopsy the lesion is benign
or of low-grade malignancy, is located
quite low in the rectum and is not too
large, it can be adequately treated by
complete excision by the transrectal route
with or without cutting the sphincter.
Again careful follow-up examination is in
dicated.
The larger villous papillomas which com
pletely encircle the bowel or those lesions
which are too high for transrectal removal
require resection from above, and in view
of their low grade of malignancy are ideal
for sphincter-preserving operations. In the
very debilitated patient, piecemeal remov
al from below may be indicated.
In the patient with villous papilloma suf
fering major electrolyte imbalance due to
profuse mucous diarrhea, emergency resec
Management o f Polyps that can h e
tion may be indicated as a life-saving pro
Visualized through the Sigm oidoscope cedure; we have had no experience with
(a )
Pedunculated p o ly p s—Many of the this type of case.2
pedunculated polyps in this series visual
M anagement o f Polyps that cannot he
ized through the sigmoidoscope were re
V isualized through the Sigm oidoscope
moved in pieces, but, if possible, they
should be removed intact by cutting the
Polyps above the 25 cm. level are con
base with biopsy forceps. The electric siderably less common than below this
snare removes these polyps very nicely but level. Generally they are diagnosed by
it may interfere with microscopical exami barium enema or double-contrast enema.
nation of the base. After the polyp has Occasionally they are discovered at routine
been removed intact or in pieces, micro abdominal exploration. In any patient with
scopical examination will determine if it is polyps above the reach of the sigmoido
a low-grade lesion with no invasion scope, the surgeon at laparotomy is faced
that papillary change in the epithelium is
evidence of a more advanced or older
stage of polyp growth. This is in agree
ment with Helwig’s observations.4
This study was an attempt to determine
the adequacy of local removal of malignant
polyps. It appears that malignant polyps
(Grade I lesions which have not penetrated
the muscularis mucosae) can be safely
treated by local removal if they are pe
dunculated, or even if they are sessile with
a smooth surface, whereas papillary sessile
polyps (villous papillomas) are, both be
cause of their larger size and their more
malignant tendency, less safely treated by
local surgery. In spite of this conclusion we
hesitate to advocate routine treatment
which is too conservative— as we do not
believe that our follow-up study is long
enough to allow valid conclusions. How
ever, some conservatism in the manage
ment of these lesions seems indicated in
view of our experience that three patients
have died from probably unnecessary rad
ical surgery for low-grade malignancies,
whereas only one died from recurrence
after local treatment.
It is suggested that the following routine
might be used in the management of ma
lignant polyp of the colon, particularly in
patients over 60 years of age or in those
of a younger age group who are debili
tated. For treatment purposes these polyps
should be divided into two groups:
1. Those that can be well visualized by
the sigmoidoscope.
2. Those that are above the level that al
lows good visualization by the sigmoido
scope.
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with the problem of having to deal with a
polyp without the benefit of preliminary
biopsy.

Management of Pedunculated Polyps
above 25 cm.
Generally speaking, pedunculated polyps
are benign or of low-grade malignancy and
radical surgery is seldom indicated. Lapar
otomy is indicated and palpation of the
polyp will determine or confirm its pedun
culated nature.1 Palpation of the whole
colon should be carried out to exclude
other polyps or tumours; some surgeons
may prefer to examine the colon with the
sigmoidoscope. After completion of the
examination an incision is made over the
polyp.1’ 5 If it has a smooth-surfaced
benign appearance, local removal with a
wide rim of mucosa at the base is indi
cated. Very rarely will pathological exam
ination show anything but benign tu
mour or low-grade non-invasive malignant
changes.
Should
invasive
malignant
changes be seen, however, more radical
surgery will be indicated.
If, on the other hand, at colotomy the
polyp has a fungating or obviously malig
nant appearance, the colon should be
closed without biopsy of the lesion to pre
vent spillage, and radical excision per
formed. Such a situation rarely arises be
cause frankly malignant tumours are usu
ally readily recognizable on radiological
examination or on palpation of the un
opened colon.

Management of Sessile Polyps above 25
cm.
In view of the fact that both by barium
enema and by palpation of the colon the
sessile polyp is difficult to distinguish from
a true carcinoma, the only safe manage
ment in the presence of these polyps is
to perform radical excision. If there is rea
sonable suspicion that the lesion is of lowgrade malignancy, limited wedge-resection
may be performed. Frozen section on the
resected specimen may indicate that more
radical resection should be carried out.
In those tumours that have been biopsied
by the sigmoidoscope but are too high for
removal from below, extent of resection

V ol . 7

can be planned according to the reports
of the biopsy.
Resection and anastomosis are indicated
for all high-level villous papillomas.
Su m m a r y

A total of 64 patients with 72 malignant
polyps treated by various methods are
reviewed. Of this number, the polyps were
pedunculated, or smooth-surfaced and ses
sile, in 44 patients, while the remaining 20
had villous papillomas. Follow-up study of
from two to 12 years showed no recur
rence in any of 44 patients with peduncul
ated polyps or smooth-surfaced sessile
polyps, whereas three deaths occurred fol
lowing apparently unnecessary radical
surgery for low-grade malignant polyps in
this group. Of the 20 villous papiilomas
treated and followed up, there was one
death from recurrence with metastases.
It is recommended that pedunculated
and smooth-surfaced sessile polyps, if of
non-invasive malignant change, be treated
by local excision, whereas villous papil
lomas, being larger and probably repre
senting a more advanced stage of tumour
growth, must be treated by wide local ex
cision in the lower lesions (where ade
quate biopsy shows non-invasive malignant
changes or a benign lesion) and by wide
segmental or anterior resection in the
higher lesions that cannot be biopsied from
below.
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R esu m e
Cet article etudie l’opportunite de la resection
locale dans le traitement des polypes malins du
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colon. Dans les archives de la Clinique du Cancer
de Saskatoon, on trouve entre 1950 et 1959, 802
cas de cancers de la moitie gauche du colon. Parmi
ceux-ci, il y a 64 cas de polypes malins qui
furent traites par diverses methodes, et qui servent
de base a la presente etude. Les polypes malins
sont definis par les auteurs comme tout cas de
carcinome a forme polypeuse (sessile ou pedoncule) presentant des modifications precoces de
1’epithelium, sans envahissement de la muscularis
mucosas. II y a lieu de distinguer trois types de
polypes: (1 ) un premier groupe englobe 23 cas
de polypes sessiles a surface lisse, dont le diametre
n’excede pas 2 cm.; (2 ) viennent ensuite 20 cas
de polypes sessiles, mais a surface villeuse; (3 ) le
troisieme groupe comprend 21 cas de polypes
pedicules, a surface lisse ou villeuse. Quant a leur
localisation, elle etait tres basse, et ils etaient
facilement atteignables avec le sigmoidoscope. II
apparait que ces tumeurs se developpent apres
l’age moyen, et sont legerement plus frequentes
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chez l’homme que chez la femme. Parmi les symptomes, on trouve, par ordre de frequence: le
saignement, la douleur, la diarrhee, le prolapsus et
enfin l’excretion de mucus. Divers traitements
furent employes: resection locale (excision du
polype en une seule piece, fulguration) dans 43
cas, et ablation radicale dans 25. Les conclusions
de cette statistique se resument comme suit:
l’etude de ces cas, re-examines entre deux et 12
ans apres l’intervention, n’a pas permis de trouver
de recidive lorsqu’il s’agissait de polypes pedoncules ou de polypes sessiles a surface lisse; il y eut
par contre une mort par recidive dans le groupe
des polypes papillomateux. Il semble done que
les polypes pedoncules et les polypes a surface
lisse soient guerissables par une simple excision
locale, tandis que les autres formes, qui representent peut-etre une evolution de la tumeur, sont
justiciables d’une chirurgie plus complete ( resec
tion anterieure ou segmentaire).

DIAGNOSIS AND MANAGEMENT O F STOMAL ULCER®
GEORGE F. BONDAR, M.D., C.M., B.Sc.(H on.), M.Sc., F.R .C .S.[C ],
W ALTER W. YAKIMETS, M.D., H. THOMAS G. W ILLIAMS, M .B., Ch.B., F.R .C .S.fC ]
and WALTER C. MacKENZIE, B.Sc., M.D., C.M., M.S., F.R.G.S.fC], F.A.C.S.,

Edmonton, Alta,

T h e study reported in this communication
concerns 41 patients with proved stomal
ulcer encountered at the University of Al
berta Hospital, Edmonton, over the 15year period, 1945 to 1960. The diagnosis
of 40 of these stomal ulcers was confirmed
at operation and one post mortem. Duo
denal ulcer was the original lesion in all
but one patient. Only two of the patients
were female.
The original history and the surgical
treatment of the primary peptic ulcer were
reviewed to determine whether there was
any correlation between these factors and
subsequent stomal ulceration. In this series,
no age group appeared to be particularly
vulnerable to recurrent peptic ulceration.
The belief that stomal ulcer follows opera
tion more frequently in patients whose
original ulcer symptoms began at an early
age is not supported by our findings.
“Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Toronto, January 1962.
Department of Surgery, University Hospital, Ed
monton, Alta.

TA BLE I.— T h e S y m p t o m - F r e e I n t e r v a l
F

o ll o w in g t h e

P r im a r y P e p t ic U l c e r O p e r a t io n
in 3 9 * P a t ie n t s

Tim e interval

No. of
patients

0 - 6 months................................................
7 - 1 2 months................................................
13 months— 5 years.....................................
Over 5 years........................................................
* It was not possible to obtain the record in
the 41 patients.

13
10
12

4
two of

S y m p t o m - F ree I n t er v a l

The time interval between the primary
peptic ulcer operation and the occurrence
of stomal ulcer symptoms ranged from a
few days following operation to 24 years
(Table I). Thirteen of the patients reported
symptoms within the first six months. Eight
had symptoms within the first postopera
tive month.
The average symptom-free interval fol
lowing gastric resection was 10 months,
and after gastroenterostomy 36.5 months
(Table II). Similar intervals were reported
by Priestley and Gibson11 and Everson and
Allen.3

TABLE I I . — T h e A v e r a g e S y m p t o m -F r e e I n t e r 
val
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F o l l o w in g P r i m a r y G a s t r ic R e s e c t io n a n d
G astroenterostom y

Interval in
months

Procedure

Gastric resection..........................................
Gastroenterostomy......................................

10.0
36.5

C l in ic a l F indings

In this series, the symptoms of stomal
ulcers (as obtained from chart records)
were almost identical to those of duodenal
ulcers (Table III). Pain occurred in 36 out
TABLE III. — C l i n i c a l F in d in g s
w it h

in

41 P a t ie n t s

S tom al U lc e r

Clinical findings
Pain...........................................................
Hemorrhage (massive in 7 )....................
Weight loss...............................................
Obstruction...............................................
Diarrhea...................................................
Perforation................................................

No. of
patients
36
17
8
8
3
3

of the 41 patients. Seventeen patients bled
sufficiently to have anemia, hematemesis
or melena. Massive hemorrhage was pres
ent in seven. W eight loss occurred in eight,
and the findings of partial or complete
obstruction were present in an additional
eight patients. Diarrhea occurred in three.
Perforation was present in three patients
and was the presenting feature at the time
of admission.
The findings included four patients with
gastrojejunocolic fistula. On reviewing the
symptoms in this group, it was evident that
weight loss, diarrhea and fecal vomiting
were the striking features (Table IV).
TABLE IV.— S y m p t o m s

o f G a s t r o je ju n o c o l ic
F is t u l a in F o u r P a t ie n t s

Symptoms
Pain...........................................................
Weight loss...............................................
Diarrhea...................................................
Fecal vomiting.........................................

No. of
patients
3
3
3
2

R a d io lo g ic al F indings

In 39 of 41 patients, radiological exam
ination was performed before the surgical
confirmation of the stomal ulcer (Table V).

TABLE V.— T h e R e s u l t s o f R a d io l o g ic a l
E x a m i n a t io n o f 39 P a t ie n t s w it h P r o v e d S t o m a l
U lce r
Radiological findings

No. of
patients

Positive for ulcer.....................................
Suggestive for ulcer......................................
Negative........................................................

28

Positive diagnosis....................................

72%

6
5

The findings were diagnostic in 28 patients
(72%). The examination was suggestive of
ulcer in an additional six patients. Everson
and Allen4 reported similar findings and
indicated that a positive radiological diag
nosis of 75% was an optimum figure. The
stomal ulcers following subtotal gastrec
tomy are more readily visualized radiologically than those after gastroenterostomy.

Surgical Treatment of Stomal Ulcer
The surgical treatment of the stomal
ulcer is dependent upon the type of pri
mary surgical procedure and the specific
presenting complication of the individual
patient. In this series (Table VI), stomal
TABLE VI.— T h e T y p e

o f P r im a r y S u r g ic a l
P r o c e d u r e w h ic h P r e c e d e d t h e D e v e l o p m e n t
o f S t o m a l U l c e r in 41 P a t ie n t s

Primary operation
Gastroenterostomy..............................
Vagotomy and gastroenterostomy... .
Gastric resection..................................
—less than 70% ............................. . .
—70% or greater........................... . .

No. of
patients
18
2
21
(8 )
(13)

ulcer followed gastroenterostomy in 18
patients; vagotomy and gastroenterostomy
in two patients, and gastric resection in 21
patients. Twenty of the primary resections
were Billroth II in type, and one was Bill
roth I. Thirteen of the resections were
70% or greater in extent, while eight were
less than 70% .
The analysis of the surgical treatment in
this series is based upon the original pro
cedure for the primary peptic ulcer.
(a ) Stomal Ulcer D eveloping after

Gastroenterostomij
The treatment (Table VII) of the 18 pa
tients in this group was resection in 12;
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TABLE V II. — T h e T y p e

o f O p e r a t io n
in
P a t ie n t s w it h S t o m a l U l c e r F o l l o w in g
G astro en tero sto m y

18

Type of operation

Resection......................................................
Revision of gastroenterostomy......................
Vagotom y..........................................................
Other..................................................................

12
2
2
2

revision of gastroenterostomy in two and
vagotomy alone in two. O f the remaining
two patients, one had an antral exclusion
for a large inflammatory mass in the pre
pyloric region and the other had a closure
of a perforation.
(b ) Stomal Ulcer Developing after
Vagotomy with Gastroenterostomy
The two patients in this group were
treated (Table VIII) by a 70% subtotal
gastrectomy.
TAB LE V III. — T h e T y p e

o f O p e r a t io n i n T w o
P a t ie n t s w it h S t o m a l U l c e r F o l l o w in g
V agotom y an d G astro en tero sto m y

No. of
patients

Type of operation
Resection.....................................................

2

(c ) Stomal Ulcer Developing after Re
section
TABLE IX . — T h e T y p e
in

o f S u r g ic a l T r e a t m e n t
21 P a t ie n t s w it h S t o m a l U lc e r F o l l o w in g
G a s t r ic R e s e c t io n

No. of
patients

Type of operation

Vagotomy alone...............................................
Re-resection alone............................................
Vagotomy and re-resection............................
Others.................................................................

8
3
5
5

The treatment (Table IX) of the 21 pa
tients in this group was vagotomy alone in
eight; re-resection alone in three; and a
combination of both procedures in five. The
remaining five patients required special
additional procedures which were tailored
to correct the presenting perforation or
fistula.
C omplications
O peration

of

TAB LE

X . — T h e 10 M a j o r C o m p l ic a t io n s
F o l l o w in g S t o m a l U l c e r O p e r a t io n

Complications

No. of
patients

Sto m a l U lcer

Of the 40 patients who underwent opera
tion for stomal ulcer, 13 developed com-
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Specific
Stomal obstruction...............................
Anastomotic leak..................................
Hemorrhage (massive).........................
Small bowel obstruction......................
Perforation with peritonitis................
Non-specific
Pulmonary embolism............................
Arteriosclerotic heart disease and
heart b lo ck .......................................

Number
2
2
2
1
1
1
1

plications (Table X). Ten of the complica
tions were o f a major nature, and, of these,
eight were due directly to the surgical pro
cedure and two were the result o f associ
ated disease. Of the complications due di
rectly to the surgical procedure, stomal
obstruction occurred in two; anastomotic
leakage in two; massive hemorrhage in
two, and an intra-abdominal abscess, which
was followed by a small bowel obstruction,
in one patient. One patient died o f periton
itis following perforation of the stomal
ulcer before he could be prepared for op
eration.
O f the complications not directly attribu
table to the surgical procedure, one was a
non-fatal pulmonary embolus and one con
sisted of arteriosclerotic heart disease with
death occurring from heart failure on the
fifth postoperative day. O f the four patients
with gastrojejunocolic fistula, all had exten
sive definitive surgery and only one devel
oped a complication (non-fatal pulmonary
embolus).
R ecurrences

Four of the 40 patients (10% ) developed
recurrence o f stomal ulceration. The symp
toms of recurrence became evident from
one to 27 months (average 14 months)
after their first stomal ulcer operation. The
condition o f two of the patients who did
have extensive surgery was subsequently
brought under control by medical treat
ment, and the follow-up of one and one
and a half years has indicated satisfactory
progress. A Hollander test was performed
on one patient in this series and free hydro
chloric acid was present, indicating an in
complete transthoracic vagotomy. The re
maining two patients had further surgical
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treatment, consisting of gastric resection
(80% and 85% ) and vagotomy with good
results.
M o b t a l it y
O peratio n

F o llo w in g St o m a l U lcer

In this series there were three deaths, a
mortality rate of 7.3% (Table XI). The one
patient who died as a direct result of sur
gery developed an anastomotic leak and a
subphrenic abscess.
TABLE

X I .— T h e C a u s e

o f D e a t h in
P a t i e n t s w it h S t o m a l U l c e r

T hree

Cause of death
1. Anastomotic leak
2. Cardiac failure (five days after operation)
3. Perforation with peritonitis (no operation)
Overall m ortality.............................................. 7 .3 %

One patient with arteriosclerotic heart
disease with bundle-branch block died on
the fifth postoperative day from heart fail
ure. The postmortem findings revealed no
intra-abdominal complications.
One patient died of peritonitis following
the perforation of a stomal ulcer. An opera
tion was not performed as the patient was
moribund on admission and could not be
resuscitated before death occurred.
F o l l o w -U p Study

Three patients died in the immediate
postoperative period. One patient died of
unrelated causes 14 months after operation
and one patient is senile. Questionnaires
were mailed to the remaining 36 patients
and 24 replies were received (Table XII).
TAB LE X II.— T h e R e s u l t s o f t h e F o l l o w - up
S t u d y o f 24 P a t i e n t s O p e r a t e d u p o n f o r S t o m a l
U lce r
Follow-up
Pain-free.......................................................
Strength gain...............................................
Im proved......................................................
Weight gain.................................................

No. of
patients
18
19
22
11

The duration of follow-up of the 24 pa
tients who replied ranged from four months
to 12 years, with the average follow-up
period of four years and 10 months.
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Eighteen patients were free of pain, and a
gain in strength was reported by 19.
Twenty-two patients (92%) felt improved.
Eleven patients (45% ) reported a gain in
weight, which averaged 15 lbs. Harvey7
had similar results on a follow-up study of
patients after 75% gastrectomy for duo
denal ulcer.
Eight patients (one-third) had symptoms
of dumping (Table XIII). The symptoms of
dumping were mild in four and moderately
severe in four patients. A review of the
literature reveals that the incidence of
dumping ranges from 25% to 50% among
patients who undergo primary peptic ulcer
operations, as reported by Armstrong and
Penick,1 MacQueen,9 Everson et al.,5 and
Weir and Bennett.14

r

*r

r
T A B L E X I I I .— T h e S e v e r i t y o f t h e D u m p in g
S y n d r o m e P r e s e n t in E ig h t P a t ie n t s

Dumping syndrome
M ild...............................................................
Moderate......................................................
Severe............................................................

No. of
patients
4
4
0

A survey of the types of meals eaten re
vealed that 21 ate regular diets, while the
other three ate small dry meals and
avoided certain foods (fats). Only one of
eight patients with the dumping syndrome
followed a satisfactory dietary regimen. It
is possible that the degree of postprandial
distress in the remaining seven patients
could be improved by appropriate dietary
methods.

-r
l

D iscussion

All but one of the stomal ulcers occurred
following primary surgical treatment of
duodenal ulcers. Stomal ulceration is very
rare following partial gastrectomy for gas
tric ulcer.12

v

Incidence
The incidence of stomal ulceration after
the surgical treatment of duodenal ulcer
cannot be determined accurately in this
series as over one-third of the patients
underwent primary surgical treatment at
other centres. It is generally agreed that
the rate of stomal ulceration (Table XIV)

r
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Approximately one-half of the stomal
ulcers in this series followed a gastric re
section for duodenal ulcer. The majority of
the gastrectomies were 70% or more. This
study emphasizes that an extensive resec
tion does not necessarily preclude stomal
ulceration. Sixteen out of 21 patients who
developed stomal ulcers after gastrectomy
had a subsequent vagotomy (Fig. 1). Of
the two patients who developed recurrent
ulceration after gastrectomy and vagotomy
for an original stomal ulcer, the vagotomy
in one patient is known to be incomplete,

as indicated by a positive Hollander test.
This study supports the view that vagot
omy is the procedure of choice in the treat
ment of stomal ulcers which follow ade
quate gastric resection. Patients with the
added complications of obstruction, per
foration, gastrojejunocolic fistula and mas
sive hemorrhage require excision of the
ulcer in addition to vagotomy. Transthor
acic vagotomy is indicated where great
technical difficulty is anticipated in the
transabdominal approach, and was em
ployed in two patients. A re-resection is
generally necessary if the original opera
tion has been inadequate (less than 50%).
Twenty of the 41 patients with stomal
ulcer had a gastroenterostomy and two of
these had an associated vagotomy. The
majority of the patients had a subsequent
gastric resection of 70% or more with good
results (Fig. 2). A review of the patients
who had procedures other than gastric re
section revealed that the majority required
further and more extensive surgery to cor
rect the stomal ulceration and its compli
cations. This statement also applies to the
older patients in this series. Therefore,
gastric resection with vagotomy is the pro
cedure of choice for stomal ulcer following
gastroenterostomy.
Intensive medical treatment for two or
three weeks preoperatively is important
in reducing the technical difficulties and
the postoperative morbidity. However, the
conservative management of stomal ulcers
after inadequate surgery fails in the major
ity of patients.

Fig. 1.—The treatment of stomal ulcer after
gastric resection. Vagotomy is the procedure of
choice. Re-resection and revision are performed
only when required.

Fig. 2.—The treatment of stomal ulcer after
gastroenterostomy. The procedures of choice are
resection and excision of the ulcer. Vagotomy may
be utilized as an additional procedure.

TA BLE X IV .— T h e I n c id en c e
a tio n

o f S tom al U l c e r 
F o ll o w in g V a r io u s S u r g ic a l P r o c e d u r e s
f o r D u o d en a l U l c e r

T ype o f operation

Recurrence

%
Billroth II, 75 % ..........................................
Vagotomy and hemigastrectomy.............
Vagotomy and drainage procedure.........
Gastroenterostomy.....................................

3
2—3
10
30—40

after a 75% Billroth II gastrectomy is
3 % .12 The recurrence rate is much higher
following a Billroth I procedure of the
same magnitude.8,13 After vagotomy and
hemigastrectomy, the ulcer recurrence rate
is in the vicinity of 2% to 3 % .7 The
stomal ulcer incidence following vagotomy
and a drainage procedure is approximate
ly 10% .2 Recurrent ulceration following
gastroenterostomy is from 30% to 40% if
the patients are followed up for sufficient
ly long periods of time (20 years).12
T reatment
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An operative procedure for stomal ulcer
requires a thorough exploration of the ab
domen to ascertain the cause (Table XV),
which includes an incomplete vagotomy,
inadequate gastric resection, retained py
loric antrum, ulcerogenic tumours of pan
creatic islet cell origin within the pancreas
or in aberrant locations, long afferent loop
with stasis, or a faulty anastomosis.
TA BLE X V .— T h e V a r io u s C a u s e s

of

S tom al

U lc er a t io n

EVo'ogy o f stoirial u'cer
1.
2.
3.
4.
5.
6.

Incomplete vagotomy
Inadequate resection
Retained pyloric antrum
Ulcerogenic tumours
Long afferent loop
Faulty anastomosis

Stomal Ulcer R ecurrence

The recurrence rate of surgically treated
stomal ulceration is high, 10% in this
series. Therefore, an aggressive surgical
approach is necessary to control the sever
ity of the ulcer diathesis in the recurrent
cases. The four patients who had such a
recurrence were treated by combined gas
trectomy and vagotomy to control stomal
ulceration.
We have previously reported one case
of intractable peptic ulceration which re
sulted in the death of a 32-year-old patient
who possessed several islet cell tumours
within the pancreas.8 This case is not in
cluded in this study. These ulcerogenic
tumours may occur within the wall of the
duodenum.10 Occasionally, clinically en
larged lymph nodes with metastatic in
volvement may be the only abnormal find
ings suggestive of islet cell tumour.
Su m m a r y

Stomal ulceration occurs predominantly
in male patients after operations performed
for duodenal ulcer. Vagotomy is the pro
cedure of choice for stomal ulcer occur
ring after subtotal gastrectomy, provided
that the presence of a residual antrum and
pancreatic tumours has been excluded.
Gastric resection with vagotomy is the
procedure of choice for stomal ulcer occur
ring after gastroenterostomy. Whenever
possible, gastrojejunocolic fistula is treated
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in one stage by vagotomy and definitive
management of the fistula. The recurrence
of surgically treated stomal ulcers is high.
Therefore, the treatment should be aggres
sive and radical.

A
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R esum e
Ceci est une etude statistique portant sur 41
malades traites a l’Hopital de l’Universite de
FAlberta, atteints d’ulcere pylorique. Le diagnos
tic fut confirme dans tous les cas a Pintervention.
La lesion originelle etait dans tous les cas, sauf un,
un ulcere duodenal. II n’y avait que deux femmes
dans ce groupe. Les auteurs ont essaye de deter
miner quelles etaient les relations possibles entre
le traitement d’un ulcere primaire et Tapparition

r

PAPILLARY ADENOMAS
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ulterieure dun ulcere pylorique. L ’intervalle de
temps entre ces deux evetiements variait de quelques jours a 24 ans. L e diagnostic correct put etre
fait radiologiquement dans 72% des cas. Les inter
ventions precedant l’apparition de l’ulcere pylo
rique furent: la gastro-enterostomie dans 18 cas,
la vagotomie associee a la gastro-enterostomie dans
deux cas, et la resection gastrique dans 21. Les
symptomes varient, et sont par ordre de fre
quence: la douleur, l’hemorragie (massive dans
sept cas, la perte de poids, les troubles du transit,
la diarrhee, et enfin la perforation. Dans les cas
secondaires a une resection gastrique, le type de
technique employee est important: l’apparition de
l’ulcere pylorique est plus frequente apres une
resection type Billroth I qu’apres un Billroth II.
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Dans l’ensemble, il ressort de cette etude que la
vagotomie est le traitement de choix de l’affection.
Cette vagotomie doit etre associee a une resection
correcte; au besoin il faudra a nouveau resequer,
si l’intervention premiere etait insuffisante. Les
fistules gastro-jejuno-coliques, s’il en existe, devront etre traitees dans le meme temps. Comme
c ’est frequemment le cas dans ces reinterventions, les manoeuvres intra-abdominales peuvent
etre difficiles et si besoin est, il ne faudra pas
hesiter a faire la vagotomie par voie thoracique.
Dans les cas de cette serie, on rencontre im tiers
de malades qui souffrirent de symptomes de
“dumping”. Il y eut trois deces dus a une anasto
mose non etanche, une insuffisance cardiaque et
une perforation.

PAPILLARY ADENOMAS OF TH E COLON AND RECTUM: CLIN ICAL
AND PATHOLOGICAL BEHAVIOUR*
A Plea for More Conservative Treatment
JANOS J. DERJANECZ, M .D .t and C E C IL W . CLARK, M.D., F.R .C .S.( E d in .),
F.R .C .S.[C ], F.A .C.S., W in n ip eg , Man.

T here is considerable controversy concern
ing the entity, papillary adenomas (villous
papillomas) of the large intestine. Quain20
reported the first successful surgical re
moval of a villous tumour from the
rectum in 1855, and believed that such
tumours were not cancerous. In 1861,
Holmes18 reported two villous tumours. In
1899 Quenu and Landel21 published the
first comprehensive study of villous
tumours with four case reports and pointed
out the difference in structure between
the villous tumours and adenomas. Until
1934s less than 100 cases had been re
ported in the literature.
On the other hand, reports had been
presented7' 36' 26 emphasizing the close re
lationship between papillary tumours and
adenomas (adenomatous polyps), and
suggesting that these were variations in
growth, to which all adenomas might be
subject. Helwig17 concluded that all ade
nomas have a basic resemblance and
attached no particular significance to minor
"Department of Surgery, University of Manitoba
Medical School, Winnipeg, Man.
fOld Perlican Hospital, Old Perlican, Newfound
land.

variations in structure and cells. The rarity
of these lesions, the diversity of Observa
tions and opinions, the small size of pub
lished series and the meagre experience of
any single surgeon or pathologist of this
lesion, have all combined to make diffi
cult the evaluation of the biological na
ture and clinical behaviour of these
tumours.
Papillary adenomas of the large intestine
are not the same entity as adenomatous
polyps. There is a fundamental difference
in structure between papillary tumours and
adenomas of the large intestine. The nor
mal structure of the epithelium of the
mucosa can be divided into two parts: the
surface epithelium and the underlying
mucus-secreting glands. Though both
portions have a similar embryological ori
gin, differences may be noted between the
cells of the surface epithelium and cells
of the underlying glands. The former tend
to be narrower and elongated, as if com
pressed, and the nucleus tends to occupy
the mid-portion of the cell and, less fre
quently, the base. There is an increased
intensity of nuclear staining. On the other
hand, in the underlying mucus-secreting
glands, the lining is made up almost en-
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TABLE I.— M a le -F em a le R atio
tirely of plump mucus-secreting goblet
cells, with a small nucleus at the base of Males.......................................................... 44 ( 58%)
Females...................................................... 32 ( 42%)
each cell.
In 1947, Dukes10 advanced the expla
Total..................................................... 76 (100%)

nation that adenomas arise by the prolifera
tion of cells of the underlying mucussecreting glands in the depths of the
mucous membrane. A small nodule of new
growth, embedded in the submucosa, re
sults. As growth continues towards the
surface, in the direction of least resistance,
it elevates the mucosa. With the help of
peristalsis, a tumour with an elongated
narrow stalk, covered with normal epithe
lium, is finally produced. On the other
hand, Dukes believes that the villous tu
mour begins with the proliferation of the
cells of the surface epithelium (resulting
in finger-like projections, having narrow
stroma with elongated blood vessels). A
striking change from the normal mucosal
pattern begins sharply at the edge of the
tumour, which, as observed by Quenu and
Landel,21 is the most active site of pro
liferation. The adenoma is essentially an
intramucosal growth with central growth
activity.
C linica l M aterial

Seventy-six cases were collected from
the records of patients seen at the Winni
peg General Hospital and the St. Boniface
General Hospital between 1944 and 1961.
The tumeurs compeuses of Bensaude, Cain
and Lambling,1 with malignant change, are
not included because carcinoma from the
adenomatous element has a different nature
and course than carcinoma developing
from the papillary element. Excluded also
were the cases in which the macroscopic
diagnosis was papillary adenoma while
microscopically the tumour showed villous
and adenomatous characteristics. Patients
started on treatment during the year 1962
are also excluded, thus allowing a mini
mum of one year’s observation. None of
the lesions was an electrolyte-secreting
tumour.
Of the 76 patients, 44 were male (58% )
and 32 female (42% ). This gives about the
same male-female ratio reported in the
larger series (Table I). The average age
at the time of first treatment was 60.7

years, ranging from five to 91 years. There
were three cases in the first decade of life.
C ase B eports
Case 1.—This 6-year-old-girl, treated in
1957, had two episodes of minor rectal
bleeding during the year before operation.
During the months before operation she had
five episodes of massive hemorrhage. Bari
um enema and air-contrast studies demon
strated a tumour in the sigmoid colon which
was removed by resection of the bowel seg
ment. Pathological examination revealed a
benign papillary adenoma, 1.0 x 0.3 x 0.7 cm.
in size, with a wide and slightly elongated
base. The child has been free of disease since
operation.
Case 2.—This 6-year-old boy was treated
in 1957 after rectal bleeding of one year’s
duration. Barium enema revealed a polypoid
lesion, 2.5 x 1.5 x 1.2 cm. in size, in the
lower sigmoid colon. It was removed by loop
resection through the sigmoidoscope, and the
pathologist described it as a benign papillary
adenoma. He has been well since.
Case 3.—This 6-year-old boy had four
episodes of alarming rectal bleeding within
three days, associated with colicky pain and
anorexia. Rectal digital examination revealed
a lesion 0.3 cm. in diameter. This was removed
by local excision and reported to be a benign
papillary adenoma. There has been no re
currence to date.
A ge I ncidence

None of the 76 patients was in the
second or third decade. There was then a
sharp rise to the eighth decade. Twentyfour per cent were between 70 and 79
years of age. This is higher than reported
in other series (Fig. 1).
D istribution

Sixty-nine per cent of the 76 lesions
occurred in the rectum, 25% in the recto
sigmoid and sigmoid colon and 6% in the
rest of the colon. Ninety-four per cent
were within reach of the sigmoidoscope
(Table II).

O ctober 1964

391

PAPILLARY ADENOMAS

YEARS
Fig. I .—Age at the time of operation.
T A B L E II.— D is t r ib u t io n o f L e s io n s
B o w el

Site o f lesions

in

L arge

Aro. of
patients

Cecum............................................................
Ascending colon...........................................
Transverse colon..........................................
Sigmoid..........................................................
Rectosigmoid...............................................
Rectum ..........................................................

1
3
1
15
4
52

T o ta l........................................................

76

P r e se n t in g S y m p t o m s

Nearly one-half of the patients presented
with rectal bleeding, ranging from a few
days to 10 years before operation. In 24%
of cases, the tumour was discovered inci
dentally on routine examination and/or on
investigation for other disease. Diarrhea
and/or mucous discharge was the present
ing symptom in eight cases, but many
patients presenting with other symptoms
also had diarrhea and mucous discharge.
Protrusion of a large papillomatous mass
was the presenting symptom in three pa
tients in the oldest age group (Table III).
H ist o p a t h o l o g Y

Multiple biopsies and sections were car
ried out as indicated in each individual
tumour. The degree of anaplasia was de
termined by the criteria of Broders and

T A B L E III.— P r e s e n t in g S y m pt o m s
No. o f
patients

Symptoms
Bleeding..........................................................
Diarrhea and/or mucous discharge.........
Pain— colic.....................................................
Protrusion of polyp.....................................
Anemia, weakness and weight loss.........
Incidental discovery....................................

36
8
8
3
3
18

T o ta l.........................................................

76

classified into the following categories:
benign, atypical, carcinoma in situ, carci
noma Grade I-IV. To determine invasive
ness, each specimen was dissected and in
vestigated histologically by Dukes’ method
into groups A, B, and C. Not a single case
in this series had metastasis of papillary
adenocarcinoma to lymph node or liver
(Table IV ).
T A B L E IV .—H is t o p a t h o l o g y ( B r o d e r s ’
C l a s s if ic a t io n )

No. o f
patients

%

.........
.........
.........
.........
.........
.........

36
4
6
13
15
2

47
5
8
17
20
3

T otal............................. .........

76

100

Classification
Benign................................
Atypical.............................
Carcinoma in situ ............
Grade I ...........................
Grade 11...........................
Grade I I I ...........................
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T reatm ent

Local excision and/or cautery were car
ried out in 45 patients with benign and
low-grade malignant papillary adenomas
where the site and size of the lesion al
lowed this procedure, either through the
sigmoidoscope or bv direct exposure
(Table V ).
TABLE V .— T y p e o r O p e r a t io n
Operations

No. of
patients

Local excision and/or cautery..................
Segmental resection....................................
Right hemicolectomy.................................
Anterior resection........................................
Abdominoperineal resection.....................
Total colectcmy with ileostomy..............
Not treated...................................................

45
14
3
3
7
1
3

Total........................................................

76

Simple segmental or sleeve resection was
performed upon 14 patients in whom local
excision was not feasible or in whom a
more radical opcntion was not deemed
necessary.
Radical procedure with en bloc removal
of regional lymph nodes was performed
upon 15 patients.
Three patients had right hemicolectomy
for lesions in the ascending colon. Two of
them had Grade II papillary adenocarci
noma and one had Grade III. None of
them had metastases to regional lymph
nodes or to liver. None of these lesions
penetrated through the bowel wall into
the pericolic fat. Two patients had no
recurrences. The patient with the Grade
III lesion developed a palpable mass at
the site of the previous tumour two years
later. This mass, which when resected
measured 8 cm. in diameter, had recurred
at the site of the previous anastomosis. The
tumour was similar in histological struc
ture and grade of malignancy to the papil
lary adenocarcinoma removed two years
earlier. Again there were no metastases to
the liver or regional nodes. It is suggested
that since the tumour was resected with
more than adequate margins of safety, the
recurrence was due to implantation of tu
mour cells or of fragmented tumour tissue
at the suture line. The patient is well now,
six years after operation.
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Three patients had anterior resections
for Grade II papillary adenocarcinoma of
the sigmoid colon and upper part of the
rectum. None of them had metastases to
the liver or lymph nodes, and the lesions
were classified as Dukes B. Two patients
had local recurrences, one of them dying
two years later of unknown cause, the
tumour still present. The third was a 51year-old man who came to hospital with
signs of large bowel obstruction and a mass
in the left lower quadrant. At laparotomy
a large tumour was palpated in the sig
moid colon, surrounded by abundant gran
ulation tissue, anchoring the lesion to the
bladder. Resection was deemed impossible,
right transverse colostomy was performed
and radiotherapy was given. Three months
later no mass was palpable and laparotomy
was carried out. The granulation tissue
had disappeared and no metastases were
seen in lymph nodes or liver. The tumour
was removed by anterior resection and the
colostomy was left open to relieve the su
ture line. The patient recovered, put on
weight and went back to work. He re
turned 15 months later, in excellent health,
for closure of the colostomy. Soon after
colostomy closure two small tumours were
found in the rectus muscle and were biopsied. The pathologist reported papillary
adenocarcinoma of the same grade and
structure as the tumour removed by an
terior resection two years previously. A
barium enema revealed a stenosing lesion
at the site of the previous resection. This
was biopsied through a sigmoidoscope
and a tumour of similar structure and
grade was identified on microscopical ex
amination. At laparotomy many implanta
tions in the peritoneal cavity showed the
same grade and structure as the original
tumour.
Seven patients had abdominoperineal re
section.
C ase 1.— A 45-year-o'd man had intermit
tent rectal bleeding for a year. Proctoscopy
revealed a large papillary adenoma on the
posterior wall of the rectum, containing a focus
of Grade I papillary adenocarcinoma. The
tumour was removed by abdominoperineal re
section and was classified Grade I, Dukes A.
He died five years later of small bowel ob
struction. Autopsy revealed no recurrence.
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adenocarcinoma of the rectum confined
to that structure; stenosing adenocarci
noma of the sigmoid colon with metastases
to mesosigmoid lymph nodes; papillary
adenocarcinoma of the transverse colon,
with no penetration into pericolonic fat
and no metastases in its regional lymph
nodes. Classification was Grade II, Dukes
B. The last-mentioned lesion was sur
rounded by a large friable mass of granu
lation tissue, anchoring it to the uterus.
This was stripped off and the whole colon
resected, the patient being left with an
ileostomy.
There was a striking similarity between
this case and one presented above in the
anterior resection series. These two cases
may represent an interesting phenomenon.
The papillary adenocarcinoma has only
a slight tendency to penetrate into extra
colonic tissues. When, in rare instances, it
prepares to break through the confines of
the harbouring organ, it elicits a response
similar to that seen in a foreign-body re
action. It may be that this is a defence
mechanism invoked by the body when
the lesion threatens to break out of its
original confines.
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C ase 2.—A 58-year-old woman had a mu
cous and watery discharge per rectum for one
year. A papillary lesion in the rectum was
biopsied and showed Grade I malignant
change. The tumour was removed by abdom
inoperineal resection and was classified as
Grade I, Dukes A. The patient is alive and
well with no recurrence six years later.
C ase 3.—A 78-year-old man had a benign
papillary adenoma removed in 1952. Four
years later he had a recurrence and biopsy
showed malignant change. An abdominoperi
neal resection was performed and the speci
men revealed Grade II, Dukes A papillary
adenocarcinoma. The patient is alive and well
six years later.
C ase 4.—A 42-year-old woman was in
vestigated for rectal bleeding and a large
papillary tumour was found in the rectum.
Biopsy showed evidence of Grade II malig
nant change. The tumour penetrated into the
muscular layer. Regional lymph nodes were
clear of tumour. The lesion was classified as
Dukes B.
C ase 5.—A 71-year-old man underwent bi
opsy of a large papillary rectal tumour which
revealed Grade II malignancy. The tumour
penetrated into the subserosal fat but not into
the perirectal fat. The lymph nodes were clear
and he is alive without recurrence after five
years.
C ase 6.—A 67-year-old man had Grade II,
Dukes A papillary adenocarcinoma in a speci
men from an abdominoperineal resection. He
died seven years later of coronary thrombosis
with no evidence of recurrent tumour.
C ase 7.—A 75-year-old woman had rectal
bleeding for four years. She had a large
papillary tumour in the upper portion of the
rectum. A local excision was performed in
1953 and a Grade I papillary adenocarcinoma,
confined to the mucosa, was reported. A year
later she developed a severe stricture and a
colostomy was carried out. Recurrent tumour
appeared in 1957, necessitating an abdomino
perineal resection. The tumour was classified
Grade I, Dukes A. The patient is alive and
well with no evidence of recurrence.

C ure R ate
Benign Lesions

Of 40 patients, 27 were alive with no
recurrence after one to 18 years. One pa
tient died of coronary occlusion 10 days
after operation. Three died of other causes,
without recurrence, during the years fol
lowing operation. Two refused treatment;
one was lost to follow-up; the other, who
was seen with a large papillary adenoma
in 1951, died in the late 1950’s. Six patients
had 14 benign recurrences, mostly follow
ing fulguration, in 0-3 years and were sub
sequently cured and are alive and free of
recurrence. One patient had malignant
change in a recurrence and was cured by
adequate excision (Table VI).

Malignant Lesions
One patient had a total colectomy for
three carcinomatous lesions, associated
Of 36 patients who had papillary adeno
with ulcerative colitis of 14 years’ dura carcinoma of the colon and rectum, 20 pa
tion. She was 32 years of age. The patholo tients are alive with no evidence of recur
gist reported these lesions as follows: rence. Five had recurrence in one to three
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T A B L E VT.— C u r e R a t e
No. of
patients

Benign lesions
No recurrence..............................................
Recurrence within:
1 year................................................
1 - 3 years..............................................
3 - 5 years..............................................
Recurred with malignant change............
Died during postoperative period of
coronary occlusion...............................
Died of other causes, without recurrence
N ot treated..................................................

27
4
2
0
1
1
3
2

T ota l.......................................................

Malignant lesions

40
No. of
patients

Free of disease in:
0 - 3 years............................................
3 - 5 years..............................................
After 5 years..........................................
Recurrence within:
1 year................................................
1 - 3 years...........................................
3 - 5 years..............................................
Died of disease............................................
Died of other causes:
myocardial degeneration 3 yrs.
postoperatively, no recurrence
asphyxia 6 yrs. postoperatively,
no recurrence
bowel obstruction 5 yrs. post
operatively, no recurrence
adenocarcinoma of sigmoid and
rectum with recurrence
acute suppurative nephritis 67
days postoperatively, no recur
rence
hemorrhage, 27 days postopera
tively, no recurrence
unknown cause, no sign of
recurrence
septicemia,
17
days
post
operatively, no recurrence

6
3
II
2
4
0
0

T ota l.................................................

T A B LE
w it h

V II.— V il l o u s A d e n o m a s A s s o c ia t e d
O t h e r G a s t r o in t e s t i n a l P a t h o l o g y
No. of
patients

Associated conditions
Adenocarcinoma.........................................
Benign adenomatous polyps....................
Ulcerative colitis........................................
Diverticulitis...............................................
Multiple polyposis, stomach, small and
large bow el............................................
Hemorrhoids...............................................
Melanosis c o li.............................................
Postoperative stricture..............................

9
3
2
2

T ota l.......................................................

20

1
1
1
1

D iscussion
1
1
1
1
!
1
1
1

8
Died during postoperative period, dif
fuse enteritis and septicemia...............
Not treated— patient refused treatment

adenocarcinoma of the colon or rectum,
and none had liver or lymph node metastases. Two deaths in the postoperative
period give a mortality of 2.6% for the
whole series. Other gastrointestinal path
ology found associated with villous aden
omas of the colon and rectum is shown in
Table VII.

1
1
36

years, subsequently eradicated. One patient
had recurrence with implantation at site
of resection, at multiple sites in the peri
toneal cavity and in the lower half of the
right rectus muscle. This patient is alive
and well, with very few ill effects related
to his tumours. One patient died of septi
cemia 10 days after operation. One patient
refused treatment and was lost to follow 
up. Eight patients died of other causes,
seven of them without evidence of recur
rence and one with recurrence. No death
was directly attributable to papillary

This study led to the conclusion, con
trary to reports in the literature, that
papillary adenocarcinoma owing to its bio
logical nature is relatively benign, in spite
of its histological anaplasia. It does not
have a tendency to invade venous and
lymphatic routes and neighbouring organs,
as do carcinomas arising from adenomas.
In the 14 patients who underwent segmen
tal resection for papillary adenocarcinoma
and in the 14 who had
radical
resection of tumour and regional nodes,
not a single case had venous or lymphatic
metastases. In each case the specimen was
subjected to meticulous investigation by
the pathologist. According to various re
ports,r’’ fl one-half to two-thirds of bowel
carcinomas arising from adenomas had
lymphatic or liver metastases at the time
of the intended curative resection. If car
cinomas arising in papillary adenomas
were essentially the same, lymphatic me
tastases should have been found in ap
proximately 12 to 18 in our series. This,
however, was not the case.
W e believe, therefore, that radical
resection is indicated only in very rare
instances. Abdominoperineal resection may
be indicated where the papillary adenoma
cannot be eradicated by a more conserva-

en bloc

bloc

en
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five method, because of the size and loca
tion, but not necessarily because of histo
logical malignancy.
We believe that cautery and/or loop re
section should not be used in the treat
ment of these lesions. Adequate excision
should be carried out with a scalpel and
with safe margins (at least 1 cm. beyond
the edge of the tumour in the rectum).
Care should be taken not to squeeze and
fragment the tumour, thereby increasing
the chance of implantation at the site of
resection5 or into the abdominal wall2 or
cavity. Adequate excision with safe mar
gins means at least 1 cm. from macroscopic
edge of the lesion in the rectum and the
usual segmental resection for lesions in the
rest of the colon, with a few centimetres’
margin.5
The majority of the seven patients who
underwent abdominoperineal resection
could have been treated more conserva
tively with preservation of the sphincter.
Since these lesions in the rectum are often
in old people with advanced degenerative
cardiovascular and/or respiratory diseases,
the risk of abdominoperineal resection is
often greater than the risk of dying from
spread of the papillary tumour. Most of
these tumours (benign or with malignant
change) in the lower half of the rectum
can be removed adequately by the method
used by one of the authors (C.W.C.).
Under general or spinal anesthesia, the
patient is placed in the lithotomy position.
Retractors are placed in the anus; Duval’s
lung forceps are introduced, guided by the
index finger. The tumour is grasped and
delivered through the anus. This intussuscepts the wall of the rectum containing
the tumour. Depending on the extent of
the base of the tumour, one or more
Kelly’s forceps are applied to the folded
rectal wall, 1 cm. or more beyond the
edge of the lesion. The tumour is then cut
off along the distal edge of the Kelly’s for
ceps and an intestinal chromic cat-gut
suture is run to oversew the forceps. The
forceps are then removed, and the suture
is tightened and tied. A second layer of
suture may be run back if necessary. Ap
plying Kelly’s forceps beyond the base of
the tumour, the suturing is continued until
the whole tumour is encompassed. With
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this method one can obtain safe margins
laterally and also deep to the tumour. One
of the authors (C.W.C.) has removed 12
lesions of various sizes by this method with
no recurrence.
Su m m a r y

and

C o n c l u s io n s

Papillary adenomas of the large intestine
are an entity distinct from adenomatous
polyps because of their origin from differ
ent types of cells of the bowel mucosa and
their different way of growth. The growth
of papillary adenomas is extramucosal
(adenomatous polyps are intramucosal)
and they are covered with essentially nor
mal bowel mucosa. Papillary adenomas
have a great tendency to recur locally and
elsewhere by implantation. In spite of the
histological anaplasia of the papillary
adenocarcinoma, their biological behaviour
is relatively benign. They do not tend to
cause venous and lymphatic metastases,
and they do not tend to penetrate through
the bowel wall. Radical resection, widely
employed currently in the treatment of
papillary adenocarcinomas, is rarely indi
cated. Conservative adequate excision with
safe margins, with care being taken to
prevent implantation, is recommended.
Papillary adenomas in the lower half of
the rectum can be treated adequately by
eversion through the anus and excision.
The authors wish to thank the surgical staff
of the Winnipeg General Hospital and the St.
Boniface General Hospital for the contribution of
their cases fo r this survey, and Mrs. M. E. Mac
donald, Supervisor, Tumour Service, Winnipeg
General Hospital, and Miss C. Stankiewitz,
Librarian, St. Boniface General Hospital, for their
invaluable help in the follow-up and arrangement
of the material used in this work.
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R esum e
La relation entre les tumeurs adenomateuses de
Tintestin et leur malignite est toujours discutee.
Histologiquement, il y a une grande difference
de structure entre les papillomes et les cancers
ou les adenomes. En fait, il y a lieu, a ce point
de vue, de faire une distinction entre la couche
superficielle et la couche profonde de Tepithelium
intestinal. Il a ete soutenu que les adenomes
naissaient de la proliferation des cellules de la
couche profonde, c’est-a-dire des glandes secretrices de mucus. Les auteurs precedent a une
etude statistique de 76 cas de ce genre, tires des
archives de deux hopitaux du Manitoba. Sur ce
nombre, il y avait 44 hommes (58%) et 32 femmes
(42%); Page moyen, au debut du traitement, etait
de 60.7 ans, comprenant des cas entre cinq et 91
ans. Trois malades appartenaient a un groupe de
10 ans ou moins, et leurs histoires sont resum^es
ici. Il n’y a aucun cas dans les deuxieme et troisieme decades de la vie, mais par contre, on ob
serve une augmentation considerable de l’incidence
autour de 80 ans. Les lesions siegeaient dans le
rectum (69%), dans le reeto-sigmoide (25%), ou dans
le colon (6%). Les symptomes le plus frequents
etaient: le saignement rectal, la diarrhee, parfois
l’expulsion de glaires muqueuses. Le traitement
fut divers: excision locale ou cauterisation, re
section segmentaire, resection large. Les resultats
eloignes peuvent etre resumes comne suit: sur
40 lesions benignes, on trouva six recidives; dans
les lesions histologiquement malignes (36 ma
lades), 20 ne presentment aucune recidive. Cette
etude permet done de conclure que, contra:rement a ce qui a ete rapporte dans la litterature,
l’adenocarcinome papillaire du gros intestin est
relativement benin. Il n’a que peu ou pas de ten
dance a envahir les canaux lym’ihatiques ou veineux: ceci est bien montre par l’etude des pieces
operatoires de 14 malades qui subirent des re
sections extensives “en bloc”, ou Ton ne trouva
aucune metastatisation.
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E L E C T IV E USE OF T W O IN C ISIO N S IN M E D IA L M E N IS C E C T O M Y
Results of 50 Two-Incision Procedures Compared with 50 Single-Incision
Meniscectomies*
SQUADRON LEADER G. M. NOVOTNY, M .D .f and
COLONEL A. C. DERBY, M .D., C.M., F.R.C.S.[C], F.A.C.S.,t K ingston, O nt.
development of a therapeutic tech
nique depends largely upon the success
enjoyed by the main proponents of it. This
is particularly true of surgical procedures
which lend themselves to many modifica
tions designed to suit the skill and experi
ence o f the individual surgeon. Frequently,
a different approach is riot adopted because
basic principles may appear to be at stake.
This seems to be the case when the inno
vation requires that two incisions be used
in place of one; the rejection is based on
the assumption that two wounds would
carry a greater morbidity.
This assumption of increased morbidity
has dominated the practice of medial
meniscectomy. In most centres, this proce
dure is carried out through the standard
anteromedial approach and the partially
dissected meniscus is displaced into the
intercondylar fossa before the excision of
the posterior horn. The use of the second,
posteromedial incision, has been advocated
for cases in which difficulties are en
countered in the final stages.1 Undoubtedly,
the single-incision approach may be prefer
able for proficient, experienced orthopedic
surgeons and may be time-saving for them.
The second incision brings with it the
very real benefit of clear visualization of
the posterior portion of the meniscus and
makes complete posterior-horn removal
certain.2 A retained portion of the posterior
horn is a significant factor in the continua
tion of the patient’s symptoms and fre
quently makes a second arthrotomy neces
sary.
For this reason the elective use of the
second incision can be recommended for
surgeons in training and for any surgeon
who performs meniscectomies infrequently.
A review of the literature for the last 10

T he

"From the Surgical Service, Canadian Forces Hos
pital, Kingston, Ont.
tResident in Surgery. Present address: 2278 Rock
land Road, Montreal 16, Que.
i:f lead of the Department of Surgery.

years did not produce evidence of in
creased morbidity in the two-incision pro
cedure. On the surgical service of the Cana
dian Forces Hospital in Kingston, Ontario,
the elective posteromedial incision has been
used for six years under the direction of the
senior author (A.C.D.) with very satisfy
ing results.
The initial stages of the double-incision
meniscectomy are identical with the stand
ard approach. The first incision is made
slightly oblique along the longitudinal axis
with the distal end pointing gently laterally.
It is therefore an anteromedial parapatellar
incision (carried out with the knee flexed
to 90°) located about one finger’s breadth
off the medial border of the patella and
reaching about 2Vz" above the joint line
(Fig. 1).

Fig. 1.— Relative position o f skin and deep in
cisions.

After the penetration through the capsule
and transection of the attachment of the
anterior horn, the dissection is carried out
with Smillie’s knives along the medial rim
of the meniscus, while continuous pull is
exerted on a Kocher clamp grasping the
anterior horn. When approximately twothirds of the rim has been dissected, the
tip of the clamp is pushed posteromedially
into the joint space until the soft tissues of
the media] aspect of the knee bulge over it.
Abduction of the hip at this stage is help-
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ful. In the presence of “bucket-handle”
tears, the displaced “handle” portion should
first be returned medially to the condyle.
The posterior incision is then made
directly over the tip of the clamp and is
located just anterior to the course of the
long saphenous vein at the joint-line level.
Because of skin tension lines in this area,
it has been found more advantageous to
make the skin incision transverse, about 1"
in length, and incise the deeper layers
longitudinally, thus minimizing the chance
of injuring the long saphenous vein or
saphenous nerve. The clamp holding the
anterior horn is exteriorized at this stage,
the cartilage grasped by a new clamp and
the posterior horn resected under almost
continuous direct vision, provided retrac
tors are put to full use.
The advantages of this approach are
multiple, the main factor being safety. The
possibility of injury to the popliteal strucTA B L E I.— 100 U n co m plic a ted M e d ia l
M e n is c e c t o m ie s — 1954 - 63

Single
incision

Double
incision

50
50
Number of cases.....................
Patient’s age:
Average....................... years
29
26
17-41
17-48
Range...........................years
Affected knee:
22
19
R ight.....................................
28
31
L e ft........................................
Duration of symptoms extending over:
16
19
Years.....................................
22
29
M onths.................................
5
9
Days......................................
90%
Follow-up in % of cases. . . .
84%
Average duration. . months
16.3
7.1
Range.................................... 2 months 1 month
-10 vears —2 vears
Surgical diagnosis:
5
7
Normal..................................
Bucket-handle te ar............
16
22
Anterior horn te a r.............
6
3
Posterior horn tear............
12
13
Mid-portion tear................
1
2
Multiple tears.....................
0
2
Questionable anterior horn
1
0
Questionable posterior
1
3
horn...................................
0
Unspecified te a r..................
6
36.0
Average days in hospital. . . .
37.7
Average number of postoperative hospital days. . .
29.7
26.3
Average days of sick leave. .
20.7
24.5
Average duration of light
duties........................months
8 .7
5
Major postoperative
10
complications.......................
5
Minor postoperative
8
complications.......................
14
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tures is almost nil, and blind injury to the
articular cartilage, with its dangerous
sequelae, is greatly minimized. The greatest
advantage, however, is the operator’s con
fidence and the ease of removal of the
posterior horn.
In order to carry out a more thorough
assessment of the results, 50 cases each of
single and double-incision meniscectomies
were compared in their various aspects
(Table I). Only simple meniscectomies were
selected for this review. Cases were elimin
ated that involved other knee pathology
which could affect the functional results
or the duration of convalescence, such as
multiple injuries to the knee joint, chondro
malacia and osteoarthritis. The pathological
changes present in these 100 cases were
confined to the medial semilunar cartilage;
the diagnosis was based on the findings of
complete knee exploration at the time of
arthrotomy.
Several features of Table I require some
elaboration. The patients were in the age
group usually involved in active sports but
the range in this series is also affected by
the age of the military population. By the
same token, only one patient was female.
The duration of hospitalization, which may
appear unduly long in comparison with
civilian hospitals, is related to the neces
sity of retaining the patients in a centre
providing supervised active physiotherapy,
rather than returning them to a small unit
where professional supervision is not feas
ible, and the usual “home” convalescence
is not available in military housing. The
duration of “light duties” is a variable fea
ture in the convalescent stage. This period
is put to different uses by the individual,
and the limited activity which it implies is
frequently not adhered to during off-duty
hours. However, this designation is neces
sary for administrative reasons during the
surgical follow-up period in order to pre
vent the posting of the convalescent to
areas where he might be under excessive
stress.
The use of a second incision did not in
crease the morbidity; on the contrary, the
results obtained with it appear to be more
satisfactory (Table I).
The 10 major complications incurred by
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patients in the first group involved the re
admission to hospital of seven patients; in
three, retained posterior horns w ere re
moved. In tw o more, such retention was
suspected but no operation was perform ed.
Three patients had recurrent severe intraarticular effusions that required several as
pirations and injections with h ydrocorti
sone; one had thrombophlebitis and one
had prolonged pain. The eight minor com 
plications consisted of effusions with aspira
tion and hypoesthesia ow ing to the inter
ruption of the infrapatellar branch o f the
saphenous nerve.
The five major complications in the
second group required the readmission of
three patients, two for extensive physio
therapy because of a limited range o f m ove
ment and one for removal of the lateral
meniscus which was thought to contain the
pathological changes responsible for the
initial, poorly localized symptoms, not en
tirely relieved by the first operation.
The last tw o patients required prolonged
hospitalization because o f septic arthritis in
one and thrombophlebitis in the other. The
minor com plications were similar to those
noted in the first group for seven patients;
three other patients developed slight serous
discharge from their wounds; tw o com 
plained o f ill-defined aches in the joint,
and two o f tightness in the periarticular
soft tissues.
On the basis o f this review, it appears
that m orbidity does not increase with the
second incision and its advantages justify
its use electively.

A SYSTEM OF ORTHOPAEDICS AN D FRA C
TURES. 2nd ed. A. Graham Apley. 393 pp.
Butterworth & Co. (Canada) Ltd., Toronto,
1963. $14.75.

The second edition of this useful text main
tains the high standard achieved in the first
edition published four years ago. The fact that
a second edition was required in such a rela
tively short time is an indication that there is
need for this sort of text.
The book is aimed primarily at the needs
of Fellowship candidates and attempts to sum
marize briefly the present concepts of diag
nosis and treatment in the broad field of
musculoskeletal disorders. No attempt is
made to go into great detail and controversial
aspects are avoided completely. The new edi
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The morbidity o f 50 u ncom plicated
medial meniscectomies p erform ed through
tw o incisions was com pared with the
morbidity o f 50 single-incision m eniscec
tomies and was fou n d to b e smaller. The
elective use o f the secon d posterom edial in
cision appears desirable in order to b e cer
tain that the posterior horn o f the medial
semilunar cartilage is rem oved com pletely.
Re f e r e n c e s

1. Smillie , I. S.: Injuries of the knee joint, 3rd
ed., E. & S. Livingstone, Ltd., Edinburgh,
1962.
2. Scharf , R. F.: A survey of knee surgery at
the National D efence M edical Centre, Med.
Serv. ]. Canada, 19: 659, 1963.

Resum e
Les auteurs decrivent ici une variation dans la
technique de la memscectomie et rapportent leurs
resultats personnels. Frequemment, il est difficile,
a l’aide d’une seule incision, d’atteindre la corne
posterieure du menisque. C ’est la raison pour
laquelle on recommande ici d’aborder l’articulation par une incision legerement oblique par rap
port a l’axe du membre antero-inteme, passant a
une largeur de doigt du bord de la rotule. On
penetre dans la capsule, et la partie anterieure du
menisque est dissequee en s’aidant d’une traction
a la pince. Pour atteindre la region posterieure,
on incise les parties molles a la face postero-interne de l’articulation sur cette meme pince;
l’incision cutanee sera transversale et l’incision profonde longitudinale, de fagon a eviter la veine
saphene et le nerf. On a ainsi une bien meilleure
vue sur la com e posterieure du menisque, et on
reduit ainsi le danger d ’une excision incomplete.
Les auteurs etudient les resultats obtenus chez
deux groupes de 50 malades chacun; le premier
fut opere avec une seule incision et le deuxieme
avec deux incisions. D ’apres les chiffres foumis,
il est certain que ce dernier precede n’augmente
ni la mortalite, ni les complications post-operatoires. Les resultats d’ensemble sont plus satisfaisants.

tion contains a very useful new chapter on
the management of major accidents. It in
cludes management of injuries at the scene of
the accident, the management of specific prob
lems such as shock, concussion, respiratory ob
struction, and so on in the accident depart
ment, and also describes the organization of
an accident unit.
Although the book emphasizes the treat
ment methods in vogue in Great Britain and
is, therefore, somewhat conservative by North
American standards, it is a really useful book
for Fellowship and American Board candi
dates on this continent as well and is highly
recommended to them for “bedside reading”
during the agonizing last few weeks before
the examinations.
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THE TREATMENT OF ILIOFEMORAL VEIN THROMBOSIS
(PHLEGMASIA DOLENS) BY THROMBECTOMY®
W. SAPIRSTEIN, M.B., F.R.C.S.[C],t W. R. F. HARVEY, M.D.f and
S. R. J. ROSS, M.D.,§ Toronto
I l io f e m o r a l venous throm bosis is d e 
scribed in the literature under such d e 
scriptive titles as “milk le g ”, phlegm asia
alb a dolens, an d ph legm asia cerulea dolens.
T he serious com plications and the consid
erable chronic m orbidity that result from
this condition h ave led to dissatisfaction
with th e estab lish ed conservative m an age
ment of iliofem oral vein throm bosis and to
the advocacy of throm bectom y in its treat
ment.1'3 R econstructive venous surgery w as
first ad vo cated b y Leriche in 1928.1 Subse
quent w ork b y Haller, Fontaine and
M ahorner confirm ed the efficacy of throm
bectom y in red ucin g chronic m orbidity
follow ing iliofem oral venous throm bosis.4
We initially ap p lie d this procedure in the
m anagem ent of cases of iliofem oral vein
throm bosis with com plications, m any of
which are poten tially fatal. The follow ing
case reports illustrate this use.
C a se R e p o r t s
C ase 1.— J.S., a 74-year-old man, was ad
mitted to St. Michael’s Hospital with a typical
picture of phlegmasia alba dolens involving
his right lower limb. The onset of this condi
tion occurred during sleep and the patient
awakened with a feeling of intense weight
and weakness in his right leg. He was unable
to walk and swelling increased rapidly. Ten
derness, lymphadenopathy and considerable
induration over the right femoral vessels were
noted in the groin. The patient complained
of considerable pain in the right calf, associ
ated with some deep tenderness. Initially, the
swollen leg was quite warm with superficial
venous prominence (Fig. l a ) . A venogram
demonstrated the typical pattern of femoral
vein obstruction (Fig. l b ) . This patient
had had recurrent episodes of arteriosclerotic
“From the Division of Cardiovascular Surgery,
St. Michael’s Hospital, Toronto.
fSurgeon, St. Michael’s Hospital; Research As
sociate of the Ontario Heart Foundation.
^Assistant Surgical Resident, St. Michael’s Hos
pital.
§Assistant Surgical Resident, St. Michael’s Hos
pital.

coronary occlusion and previous difficulty
from benign enlargement of the prostate with
urinary retention and infection.
Intravenous heparin therapy, repeated ad
ministrations of fibrinolysin and elevation of
the lower limbs failed to control the swell
ing. After seven days of the above program,
signs of arterial inflow embarrassment devel
oped with increasing coldness of the leg, in
creasing muscular weakness, numbness in the
foot and diminishing pedal pulses.
On the tenth day of conservative manage
ment, the femoral vein was explored on the
right side under epidural anesthesia. A wellorganized thrombus was present in the com
mon femoral vein and related superficial
femoral vein. Extensive anterograde and retro
grade clotting was present in the iliac vein,
common and superficial femoral and long
saphenous veins. A considerable amount of
lymphadenopathy and inflammatory reaction
surrounded the thrombophlebitis. An incision
was made at the saphenofemoral junction with
removal of thrombus and clot. Excellent antero
grade and retrograde flow was obtained from
all tributaries and the venotomy was repaired
with 5-0 Mersilene suture.
Relief from pain and calf tenderness
occurred immediately after the operation and
within two days the swelling had effectively
subsided. The patient was walking on the
fifth postoperative day. Anticoagulant therapy
was maintained with intramuscular heparin
initially, and was continued as a long-term
program, in view of the coronary artery dis
ease, with warfarin sodium (Coumadin). Pelvic
infection related to recurrent episodes of cyst
itis with prostatic urinary obstruction was
considered a precipitating factor in the de
velopment of this thrombosis.
The patient was free, of symptoms in his
right lower extremity, which was of normal
size and showed no tendency to swelling,
some three months after thrombectomy. At
this time he was readmitted with a similar
phlegmasia condition in the left lower limb.
He had gross urinary retention and infection,
extreme mental confusion and a blood urea
nitrogen level of 72 mg. %. Exploration of the
left femoral vein was performed on the fifth
day of hospital admission and a localized
thrombus was removed from the junction of
the external iliac and common femoral veins.

October 1964

ILIOFEMORAL VEIN THROMBOSIS

401

Fig. 1 —Appearance of limbs and venograms in phlegmasia alba dolens. A. Swelling extends
from toes to groin of right leg in patient J.S. with phlegmasia dolens. B. The venogram shows ob
struction to flow at the mid-thigh level in all venous channels, excepting collateral. C. Normal appear
ance of lower limbs, M.D., six months after thrombectomy. D. Venogram demonstrates normal
flow and valve function six months after thrombectomy in C.P.

The response to operation was excellent with
immediate alleviation of the pain and ten
derness and effective control of the swell
ing within two days. The patient was ambu
latory at this time, and the mental confusion
and disorientation subsided promptly. The
urinary tract infection was treated in the usual
manner with catheter drainage and antibi
otics.
Three weeks after operation, the patient
developed a left epididymo-orchitis and a
flare-up of the cystitis which rapidly pro
gressed to anuria. A diuretic response follow
ing the usual conservative management of this
complication occurred one week after its onset.
Five days later signs of pneumonia developed
in the right lung; this precipitated a second
period of renal shutdown. Congestive cardiac
failure developed from which the patient
failed to recover. Permission for an autopsy
could not be obtained.

C ase 2.—M.D., a 35-year-old man, was ad
mitted to hospital with hemoptysis, right
pleuritic chest pain, and a radiologically visu
alized infiltration of the right lower lung field.
A history was obtained of recurrent painful
swelling of the right lower limb for a period
of approximately 18 months. This swelling
generally occurred below the knee but occa
sionally extended to the groin. Swelling was
again present before the onset of the pulmon
ary symptoms for 38 hours before this admis
sion. With development of chest pain, reduc
tion of the lower limb swelling occurred.
Systemic review was negative except for mod
erate non-specific dyspepsia.
Anticoagulant therapy with both heparin
and warfarin sodium was begun on admission
to hospital. Effective blood levels were
obtained and some degree of melena and hematemesis occurred. Despite anticoagulant ther
apy, episodes of bilateral pulmonary embol-
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ism recurred, the fourth of which was
associated with marked clinical shock some 20
hours after hospital admission. At this time the
only clinical sign in the lower limbs was mod
erate tenderness, localized to the right com
mon femoral vein region. In view of recurrent
pulmonary embolism, bilateral femoral vein
ligation was planned.
Common femoral veins, with their related
tributaries, were exposed bilaterally under
epidural anesthesia. On the right side, a par
tially organized thrombus was present at the
confluence of the superficial femoral and pro
funda femoris veins. Considerable anterograde
and retrograde clotting was present in the
common femoral, iliac, saphenous and super
ficial femoral veins. The thrombus was re
moved through an overlying incision and the
clot aspirated. Excellent flow was obtained
from all tributaries. A considerable amount of
clot could be aspirated by retrograde cathe
terization of the right superficial femoral vein.
The superficial femoral veins were interrupted
bilaterally at their junction with the profunda
femoris veins. Heparinization, commenced
before operation and supplemented during the
operation, was maintained for three weeks
postoperatively.
This man has remained well without fur
ther pulmonary embolism or venous insuffi
ciency of his lower limbs for six months after
operation (Fig. l c ) .
C ase 3.— C.P., a 78-year-old woman, was
admitted to St. Michael’s Hospital with
a history of sudden onset of pain, warmth and
swelling in the left lower limb. This developed
quite spontaneously while she was sitting in
a chair watching television. There was no
history of previous vascular disturbances in
her lower limbs. Three normal pregnancies
were not associated with venous complica
tions of any kind. Although rather obese, the
patient had led an active life until the onset
of her present symptoms which left her
unable to walk. She complained of a feeling
of weight in the left lower limb, described
as a sensation of lameness and paralysis
as much as of pain. A normal arterial
supply was present on examination of the
lower limbs. Gross swelling extended from the
foot to the groin in the left leg. This swelling
was warm, tender and pitting, with a reddish
discolouration and superficial venous disten
sion. There was an increase of 4" in girth of
the thigh compared with the right side. Ten
derness was particularly marked along the
femoral vessels but was also present in the
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left calf. The patient complained of severe
pain in the calf muscles.
Following the diagnosis of acute phlegmasia
alba dolens in this elderly woman, control ol
the condition with anticoagulation therapy was
attempted. Adequate blood coagulation levels
on intravenous heparin were maintained with
difficulty. In addition, the patient developed
signs of basal pneumonitis after 24 horns of
rest with the foot of the bed elevated. The
leg failed to show any reduction in size and
the effects of cardiac decompensation became
apparent with increasing pulmonary conges
tion and the development of sacral and de
pendent edema of the trunk.
Left iliofemoral vein thrombectomy was per
formed 48 hours after hospital admission. The
procedure was carried out under epidural an
esthesia, supplemented by local infiltration
with \% lidocaine (Xylocaine). Full heparin
ization was maintained during the procedure
and for three weeks subsequently. A partially
organized thrombus was present in the com
mon femoral vein extending into the distal
segment of the external iliac vein. Retrograde
clotting had occurred in the long saphenous
vein and to a limited extent in the superficial
femoral vein. Thrombus and clot were re
moved through an incision at the saphenofemoral junction with restoration of good an
terograde and retrograde flow from all tribu
taries. After repair of the venotomy, the long
saphenous vein was divided. The patient ex
perienced relief from pain immediately after
the operation. Within five days, the swelling
had completely resolved and the patient was
ambulatory, with elastic bandages to her lower
legs. Six months after operation, the patient
was symptom-free, having returned to her
preoperative activity level, and, wearing a
light-duty elastic stocking support, had no
evidence of venous insufficiency to her lower
limbs. A venogram performed at this time
demonstrated a normal deep venous system in
the left leg with intact common femoral vein
valves (Fig. Id ).
D iscussion

The etiology o f iliofemoral venous
thrombosis has classically been linked with
pregnancy in the com plication known as
“milk leg” . This has been attributed to
changes in pelvic venous drainage associ
ated with the developm ent and abruption
o f the placenta. The obstruction to venous
drainage b y a pelvic mass has also been
indicted. The association o f iliofemoral
thrombosis with occu lt abdominal carci-
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noma, particularly pancreatic, has long
been noted.4 It is of interest that in none
of our patients was there a history of pre
vious vascular insufficiency or of a relation
to pregancy. A history of pelvic infection
was obtained in one patient (J.S.). In two
patients the iliofemoral thrombosis appar
ently occurred spontaneously, following a
prolonged period of sitting with the hip
and knee joints flexed, suggesting that
stasis with kinking of the vein is an im
portant factor in the development of ilio
femoral venous thrombosis, as it is in ar
terial atherothrombosis.
Clinical features of iliofemoral venous
thrombosis are generally clear-cut. Gross
pitting edema involves the entire limb
from toes to groin (Fig. la). Such a limb
is painful, particularly in the calf muscles.
However, a dull throbbing pain may be
present in the entire limb which at the
same time feels heavy, useless and weak.
Skin colour varies with the extent of ar
terial insufficiency. A warm leg with rubor
and superficial venous distension may
occur in the early stages. Pallor may occur
once the leg is elevated. We have not
found Homan’s sign of deep calf tender
ness to be a striking feature. Tenderness
is elicited with deep palpation in the groin
and femoral triangle regions. Inguinal
lymphadenopathy may be quite marked.
A pelvic or rectal examination may reveal
a boggy fullness of the pelvic wall in rela
tion to the inflammatory periphlebitic reac
tion and the collateral venous congestion.
A venogram performed via a tributary
of the saphenous vein confirms the diag
nosis. A typical pattern is illustrated in Fig.
lb. Abrupt cut-off of the major venous
channels from the lower limb occurs at a
relatively uniform level in the thigh, with
small collaterals establishing drainage.
The complications and morbidity occur
ring with iliofemoral vein thrombosis have
been emphasized in recent reports. Of seri
ous consequence is pulmonary embolism,
which can be fatal or, with recurrence,
cause chronic pulmonary vascular insuffi
ciency.5 Progression to cerulea dolens with
arterial inflow occlusion carries the risk of
limb loss and a systemic reaction for which
treatment is unsatisfactory and which is
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related to a distinct mortality rate.6, ‘ The
after-effects of extensive deep venous
thrombophlebitis are seen in the postphlebitic syndrome where incompetent, recannulated venous channels leave the leg
chronically swollen and painful. The limb
becomes the seat of recurring episodes of
thrombophlebitis and ulceration. The
swelling of the post-phlebitic syndrome is
difficult to control with elastic support and
tends to be self-aggravating, establishing a
vicious circle which can, with development
of lymph stasis, culminate in a condition
of elephantiasis.8
Our concept of the pathogenesis of
phlegmasia alba dolens and its complica
tions is based on the operative findings
during thrombectomy and on the clinical
histories of these patients. In each case, a
relatively well-organized thrombotic seg
ment is present in the common femoral
vein related to one or more of its major
tributaries. Extending in retrograde and
anterograde fashion from this thrombus is
a recently formed gelatinous clot. Depend
ing on the extent of this clot and its occlu
sion of tributaries draining the limb, the
amount of edema present and of arterial
inflow obstruction occurring will vary. We
feel, too, that it is the recently formed
gelatinous and poorly adherent antero
grade clot that breaks off to lodge in the
lungs. This source of emboli is likely to
develop at sites of entrance of large tribu
taries, such as the internal hypogastric
vein, and accounts for the relief in leg
swelling often associated with embolic epi
sodes. It possibly accounts for recurrent
pulmonary embolism, which may result in
chronic obstructive pulmonary hyperten
sion. The operative findings and clinical
history of the patient (M.D.) illustrate this
event and it occurred in other patients in
whom femoral vein division was per
formed for control of pulmonary embolism.
We attribute the occurrence of cerulea
dolens to extension of the thrombotic pro
cess to involve more and more of the
venous drainage of the leg causing, even
tually, passive arterial inflow obstruction.6
The leg then becomes mottled and pulse
less with signs of neurological deficit and
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myositic changes. Frank gangrene with a
definite mortality rate has been ascribed
to this stage.7
The conservative management of ilio
femoral vein thrombosis is based on con
trol of swelling with elevation of the lower
limbs and limitation of thrombus progres
sion by anticoagulant therapy. The initia
tion of effective anticoagulant therapy, par
ticularly with heparin, has reduced the in
cidence of complications, such as pulmon
ary embolism, and limited the extension of
the thrombotic process that causes arterial
inflow embarrassment. However, the de
bility associated with an established
cerulea dolens and the incidence of the
post-phlebitic syndrome appears to be little
altered by effective heparinization. Our
limited experience with thrombolytic
agents, such as the fibrinolysins and strep
tokinase, has been discouraging. The re
sults of the use of sympathetic blocks and
of continuous epidural anesthesia have
been equivocal.5 Interruption of pathways
for recurrent pulmonary embolism, such as
ligation of the vena cava or of the femoral
veins, has resulted in a significant inci
dence of debilitating disturbances involv
ing the venous drainage of the lower limbs,
particularly where the latter are the seat of
extensive pre-existing thrombosis.”
Thrombectomy was initially proposed by
Leriche in 1928 to prevent pulmonary em
bolism. In 1957, Fontaine1 and Mahomer,
Castleberry and Coleman2 reported throm
bectomy in an attempt to reopen throm
bosed veins as treatment for the postphlebitic syndrome. Haller and Abrams10
advised this procedure for the treatment of
the acute obstructive condition and have
indicated a direct relationship between the
efficacy of surgical removal of thrombus
and the duration of disease symptoms. We
employed thrombectomy in the treatment
and management of the complications of
phlegmasia alba dolens—the prevention of
recurrent embolism, the prevention of ex
tension of thrombosis and arterial embar
rassment— and where continued conserva
tive management was for some reason not
possible, as in Case 3. Our results tend to
support the use of this technique in the
treatment of acute uncomplicated iliofe
moral thrombosis.
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The operation is performed under local
or epidural anesthesia with systemic
heparinization using 1 mg. of heparin intra
venously per kg. body weight. The com
mon femoral vein and its related tribu
taries are gently exposed and circumscribed
with umbilical tapes. The presence of
thrombosis is immediately apparent on in
spection of the vein (Fig. 2 ). A consider
able degree of inflammatory lymphadenitis
is generally present. We do not expose the
iliac veins or inferior vena cava unless
both limbs are involved in the edema
tous process. An incision is made at
the saphenofemoral junction. Recently
formed gelatinous anterograde and retro
grade clot is readily removed. This is fa
cilitated by the use of a transparent tube
connected to strong suction and with the
patient performing a Valsalva maneuver.
A segment of fairly well-organized throm
bus will usually be recognized in the com
mon femoral vein and can be extracted
with the suction tip or a curved clamp.
Retrograde catheterization of the pro
funda femoris and superficial femoral veins
is performed to insure that no residual clot
is present which may be a source of recur
rent thrombosis or of pulmonary embol
ism. If any doubt exists as to the presence
of extensive clotting in these tributaries,
they are interrupted. The saphenous vein
is generally divided and the venotomy re
paired with 5-0 Mersilene suture. The foot
of the bed is elevated for two to three
days following operation to hasten resorp
tion of edema fluid. The patient is allowed
up on the second or third day with elastic
bandage supports to the lower legs. Hep
arinization is maintained by the intramus
cular route for a further two to three
weeks.
The ease with which the clot can be
aspirated makes pulmonary embolism un
likely during thrombectomy. Haller, in ex
tensive use of this technique, has not
found pulmonary embolism to be a hazard,
and we not not expose the iliac vein—vena
cava region unless bilateral limb edema
indicates that clot already extends to this
level.
R esults

The results of thrombectomy in the
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Fig. 2.—Right iliofemoral venous thrombectomy. A. Dissection shows long saphenous vein (x )
joining common femoral vein (y) at the arrow. The common femoral artery (z) is retracted laterally.
The veins are tense and distended by thrombus. B. Clot is extruded through a venotomy during Val
salva maneuver. C. Clot removal continued with transparent suction tube gently introduced into the
vein. D. Normal blood flow, without vessel distension, is established after vein repair.

treatment of complications of iliofemoral
vein thrombosis have been encouraging in
the four instances described above. W e
were able to reverse a tendency to arterial
inflow obstruction of serious proportion in
one patient, and in another patient, to
effectively control recurrent pulmonary
embolism. In a third elderly patient, early
ambulation following operation facilitated
the control of congestive cardiac failure
symptoms. Even more gratifying was the
complete absence of the usual postphlebitic signs in patients followed up four
months and longer after operation (Figs,
l c and d ). One patient died approximately
four months after operation on the right
femoral vein and one month after opera
tion for a recurrent episode involving the
opposite limb. This death occurred during

anuria associated with a genitourinary in
fection. Although an autopsy was not per
formed, it was felt that femoral vein throm
bectomies were not directly contributory to
this patient’s death.
Su m m a r y

The application o f iliofemoral vein
thrombectomy to the treatment of four epi
sodes of complicated phlegmasia alba dolens in three patients is described. The
clinical features and complications o f acute
iliofemoral vein thrombosis are outlined.
A discussion o f the pathophysiology o f ilio
femoral vein thrombosis and its com plica
tions is presented. The results obtained
support the use of this procedure in the
management o f acute uncomplicated ilio
femoral vein thrombosis.
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R esume
La thrombose de la veine ilio-femorale est decrite dans de nombreux articles sous des designa
tions diverses: jambe laiteuse “milk leg”, phleg
masia alba dolens et phlegmasia cerulea dolens.
Le traitement conservateur n’est guere satisfaisant
dans cette affection, et des complications graves
ou une morbidity chronique importante lui font
generalement suite. La therapeutique chirurgicale
reconstructrice a ete avancee en tout premier lieu
par Leriche, suivi par ses eleves. Les auteurs
rapportent ici trois histoires de cas qui sont de
monstratives. Le premier cas est celui d’un homme
de 74 ans, admis a Thopital pour un etat bien
classique de phlegmasia alba dolens. Ce tableau
s’etait apparemment etabli sans cause particuliere.
On institua tout d’abord un traitement conserva
teur avec elevation du membre et administration
d’heparine et de fibrinolysine, ce qui n’apporta
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aucune amelioration. Dix jours plus tard, une
exploration fut effectuee sous anesthesie epidurale.
On trouva alors un thrombus bien organise, siegeant dans la veine femorale commune et ses
branches superficielles. Des phenomenes de
lymphadenite etaient aussi presents. On proceda
a une thrombectomie a travers une incision de la
jonction sapheno-femorale, ce qui retablit immediatement ^un tres fort courant sanguin. La dou
leur et l’enflure disparurent rapidement apres
l’intervention, et le malade fut capable de marcher
cinq jours plus tard. Le deuxieme cas est celui
d’un homme de 35 ans, admis a l’hopital pour
hemoptysie, douleur de pleurite du cote droit
avec existence d’une opacite radiologique dans la
ineme region. Dans son passe, on decouvrit une
histoire d’enflure de la jambe droite qui dura
pendant 18 mois; chose curieuse, ces troubles
avaient cede en meme temps qu’apparaissait le
syndrome pulmonaire. Le malade fut soumis a
un traitement par anticoagulants, heparine et
warfarine sodique. Malgre cela, on assista a des
episodes nouveaux d’embolisation pulmonaire;
localement, au niveau du membre inferieur, les
signes cliniques etaient tres discrets. On proceda
a une exploration sous anesthesie epidurale. Les
veines femorales communes furent dissequees des
deux cotes. A droite, on trouva un thrombus
partiellement organise a la confluence des veines
femorales superficielles et profondes, dont on fit
l’ablation. Un flot sanguin satisfaisant se retablit
immediatement, et l’intervention fut completee
par une catheterisation aspiratrice de la veine
femorale superficielle. Ceci arreta les episodes
d’embolisation et le malade peut maintenant etre
considere comme gueri. Troisieme cas.— Une
femme de 78 ans est admise pour l’apparition
subite d’une enflure accompagnee de douleur
dans son membre inferieur gauche. Ceci etait
apparu tres subitement, sans cause apparente,
alors qu’elle etait assise regardant la television.
La malade n’a aucun antecedent vasculaire. A
1’examen, le membre inferieur etait considerablement enfle, du pied jusqu’a la racine de la cuisse;
cette enflure etait chaude a la palpation et l’on
nota une distension des veines superficielles. Le
traitement conservateur fut institue, mais devant
l’installation d’un syndrome pulmonaire de la
base, on decida d’explorer. Toujours sous anes
thesie epidurale, on proceda a l’ablation d’un
thrombus ilio-femoral gauche, par une incision de
la jonction sapheno-femorale. Les symptomes
retrocederent dans les cinq jours suivants, et la
malade put etre levee. Les auteurs estiment que
le traitement conservateur des thromboses des
veines des membres inferieurs n’est justifie que
dans les cas benins. L ’heparine n’a qu’une action
limitee et les fibrinolytiques ou la streptokinase
ne donnent que des resultats decourageants. Lors
de l’intervention, avec dissection soignee, le
thrombus est facile a localiser, puis a extraire. Les
resultats eloignes sont tres satisfaisants.
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TH E SURGICAL SIGNIFICANCE OF RADIATION IN JU RIES
TO R O W EL0
E . E. STERNS, F .R .C .S .[C ],t J. A. PALM ER, F.R .C .S.[C ] and
F. G. KERGIN, F.R .C .S .[C ], T oronto

C o m p l ic a t io n s of radiotherapy for pelvic
malignancy may include radiation injury to
the intestine, which by virtue of its poten
tially lethal result is of major concern to
the surgeon, both in respect of diagnosis
and management. Since the first descrip
tions of this injury 67 years ago,1 a num
ber of reports have stressed the importance
of recognition of this lesion, especially since
its manifestations so often mimic recurrent
malignancy.
Despite the newer sources and tech
niques of radiation therapy, such compli
cations continue to occur. With the hope
of improving our management of these, we
have reviewed the literature and studied
the records of 54 patients with radiation
injury to bowel treated at the Toronto Gen
eral Hospital. An attempt has been made
to discover the most satisfactory means
of management of the more serious aspects
of this problem, especially those that re
quire surgical intervention.
I n c id en c e

The incidence of radiation damage to
bowel has been reported to be between
2% and 5% in patients receiving pelvic
radiation.2' 3 It has also been reported that
17 % of those who sustained injury develop
strictures4 and between 50% and 75%
have some permanent residual rectal
change.5 Damage to the ileum following
pelvic radiation has occurred in 0.6% to
1.5% of patients.3’ 6>7 In a study of rectal
and bladder injuries sustained during radi
ation of the uterine cervix, Kottmeier and
Gray8 reported injury in 10% of patients
receiving standard dosage, while 15% de
veloped symptoms of such injury with
more intensive therapy.
E t io l o g y and P a th o g en e sis

Todd’s Hunterian lecture in 19382 is still
“From the Department of Surgery, University of
Toronto, and the Toronto General Hospital,
Toronto.
{■Present address: Department of Surgery, Queen’s
University, Kingston, Ont.

the classic paper with respect to descrip
tion and classification of the lesion which
he termed “factitious proctitis”. Radiation
injury of the sigmoid colon and rectum
produces two different pathological states.
The first is the intrinsic reaction that
occurs within the rectal or bowel wall and
consists of hyperemia and edema within
days of radiation. In three to four weeks,
granulomatous inflammation and ulcera
tion develop. Fistulas may occur later. De
layed healing, characterized by fibrosis,
leads to stenosis after a variable period.
The second form is an extrinsic reaction
which occurs in the perirectal connective
tissues. Fibrosis with resultant extrinsic
compression, and endarteritis with result
ant ischemia, affect the bowel wall sec
ondarily. The connective-tissue mass so
formed may suggest the presence of
diffusely recurrent malignant disease
throughout the pelvis.
Although the entire gastrointestinal epi
thelium is vulnerable to radiation, the
small bowel mucosa appears to be most
sensitive. However, the ileum is mobile
and infrequently fixed by pelvic adhesions,
which tends to protect it from more com
mon injury. Requarth and Roberts3 re
ported four patients who sustained dam
age to ileum; three presented with small
bowel obstruction and, of these, two had
ileum fixed within the pelvis.
It would appear that an excessive or a
too concentrated course of radiation is the
most important cause of injury.9 Other etio
logical factors may be errors in technique
of administration such as dislodgment of
radium applicators,10 a retroverted uterus,
or pre-existing pelvic inflammatory dis
ease.2 There remains a group of patients
whose tissues appear to react excessively
to a standard and properly applied course
of radiation.
The most extensive study correlating
radiation dosage and its pathological
effects on the rectum was carried out in
Stockholm by Kottmeier and Gray,8 who
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followed up 500 consecutive patients
treated radiologically for carcinoma of the
cervix. Mild mucosal changes were noted in
14% and more advanced lesions, such as
necrosis, ulceration and moderate stenosis,
occurred in 7%. Only 1% developed more
severe stenoses or fistulas requiring opera
tive intervention. A rectal dose below 4000
r. resulted in significant damage in 1.6%.
As the dosage increased above 5000 r., an
increased incidence of complications
occurred. When external radiation was
added to interstitial radium, no rectal
lesions were noted if the total rectal dose
remained below 4000 r. but became ap
preciable if it was increased to 6000 r. or
more.
T im e

of

O n set

Todd2 noted that the onset of acute proc
titis coincided with the termination of
treatment or occurred in the following two
weeks. Late rectal reactions followed at an
average time of six months after the com
pletion of radiotherapy with a range of
one month to several years. Aune and
White10 found the onset of proctosigmoid
itis was usually within the first few months,
whereas the development of mechanical
obstruction was rare before five months
and not unusual up to several years. Simp
son and Spaulding11 reported a patient
with bowel obstruction due to radiation
stricture 14 years after radiation, and Abrahamson,12 an instance occurring 19 years
after treatment.
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of ulcers will heal but those which are
intractable present a challenge to the clini
cian in both diagnosis and treatment. They
may closely simulate an ulcerative type of
malignancy.
The symptoms associated with the patho
logical findings follow in logical sequence
and are tenesmus, rectal bleeding, diarrhea,
increased secretion of mucus and rectal
pain, both with and also independent of
defecation.
The extrinsic lesion described by Todd
manifests itself as diffuse induration and
thickening of the rectal wall and pelvis
simulating the “frozen pelvis”. Rectal bi
opsy, although helpful, may fail to estab
lish an accurate diagnosis. Among 200 pa
tients referred to the Mayo Clinic with the
diagnosis of recurrent carcinoma, 9.5%
had radiation changes without evidence of
tumour.14
The development of strictures of the
ileum, sigmoid colon or rectum is associ
ated with the symptoms of partial or com
plete bowel obstruction. This is seen most
commonly in the sigmoid in 47%, rectum
in 28%, rectosigmoid in 14% and ileum
in 9% .15
In acute radiation ileitis, the manifesta
tions include weight loss, anemia, hemor
rhage and perforation. The late effects in
clude malabsorption and obstruction.12 Six
of nine patients with radiation ileitis de
scribed by Wiley and Sugarbaker0 devel
oped obstruction. Of the six patients
presented by Warren and Friedman,16
three had fistulas and three stenosis.

C l in ic a l M a n if e st a t io n s

Radiation injury to bowel may present
as proctosigmoiditis with or without ob
struction or as ileitis with or without ob
structive symptoms.13 In the colon and
rectum, sigmoidoscopy in the early stages
reveals redness, edema and friability of the
mucous membrane. The pathological
changes are usually concentrated on the
anterior rectal wall at the level of the cer
vix in those patients whose treatment is
centred in that structure.
With progression of the disease, atrophy,
telangiectasia, scarring, ulceration and
contracture supervene. The ulcers may be
discrete, single or multiple. The majority

T reatm ent

Surgical measures in the treatment of
severe complications of radiation ileitis,
colitis and proctitis are the subject of con
troversy. Reported series are small and
give no more than an indication of the
ideal treatment. There is general agree
ment that the early manifestations may be
temporary and self-limiting and can be
adequately managed by a regimen of bland
diet, antispasmodics, antibiotics and seda
tion. Colcock and Hume13 recommend hos
pitalization if the symptoms have not sub
sided within two weeks. In hospital they
add bed rest, general supportive measures,
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transfusion if dictated by anemia, and hy
drocortisone enemas. They also recom 
mend colostomy if, after two weeks of hos
pital treatment, proctosigmoiditis remains
severe and uncontrolled.
The indications for surgical intervention
in chronic radiation proctosigmoiditis in
clude persistent severe pain, bleeding, ob 
struction, incipient perforation and diver
sion of the fecal stream from non-healing
ulcers and fistulas.10
The conservative treatment of patients
with obstructive symptoms due to radia
tion strictures, as described by McIntosh
and Hutton,17 is not without danger. White
and Finn9 report unfortunate results in
four patients treated in this manner. O f
26 patients managed by supportive but
non-operative means, two died of massive
hemorrhage and two of perforation. These
authors recommend wide local excision
with primary end-to-end anastomosis (with
or without colostomy if the involved area
is in the colon), and colostomy alone if
resection is not feasible.
W iley and Sugarbaker6 and Graham and
Villalba7 recommend bypass without ex
cision and state that, “Heavily irradiated
tissues heal poorly and are notoriously vul
nerable to infection. For this reason, re
section of the intestine is rarely indicated.
It is required for massive hemorrhage, but
for obstruction or fistula formation a b y 
pass procedure is much preferred.” They
report two patients who died after primary
resection and anastomosis owing to leak
age at the suture line. Only one o f three
patients treated by resection survived.
Four patients survived when the involved
segment of ileum was bypassed and an
end-to-side ileocolostomy was performed,
with the distal end of the divided ileum
brought out as a mucous fistula.
Operative treatment used at the Uni
versity of Illinois was reported b y Requarth and Roberts,8 who presented 12
surgically treated cases. They also stressed
the necessity of complete excision o f dis
eased bowel. They did not recommend re
section of the rectum or rectosigmoid b e
cause of the technical difficulty experi
enced. Smith et al.18 recommended colos
tomy and late resection of rectal strictures
that failed to respond to dilatation.

T oronto G eneral H ospital Series

Since 1940, 54 patients with radiation in
juries to bowel were admitted for treat
ment at the Toronto General Hospital. A
much larger number of patients were suc
cessfully managed as outpatients. O f those
admitted, 47 were women and seven, men.
The average age was 51 years and the
range was from 23 to 78 years.
T A B LE I . — S i t e

P r i m a r y T u m o u r R e c e i v in g
R a d ia t io n

of

No. of
patients

Lesions
Carcinoma, cervix............................................
Carcinoma, cervix and endometrium.........
Carcinoma, ov a ry ............................................
Carcinoma, vagina..........................................
Carcinoma, testis.............................................
Carcinoma, rectum..........................................
Carcinoma, endometrium...............................
Chondrosarcoma, ileum..................................
Ewing’s tumour, ileum...................................
Lymphosarcoma, cecum.................................
Malignant melanoma, rectum ......................
Abdominal tumour, primary site unknown

38
2
2
2
2
2
1
1
1
1
1
1

Carcinoma of the cervix was the most
common primary tumour and with the
addition o f tumours of the uterus, ovary
and vagina resulted in a great female pre
ponderance. The proximity of the cervix
and rectum resulted in damage to the rec
tum in the event of a mishap. Tw o patients
with carcinoma of the rectum and one with
malignant melanoma of the rectum were
included because the radiation injury
occurred in the sigmoid colon or small
intestine.
T A B LE II.—F o r m

o f A p p l ic a t io n o f
R a d io t h e r a p y

No. of
patients
External radiation only..................................
Interstitial radium on ly ..................................
Combined external and
interstitial radiation..................................
Repeat course of radiation............................

O nset

of

9
4
41
8

Sym ptom s

The first symptoms o f radiation injury
experienced by 11 patients coincided with
the administration of radiation or occurred
within 30 days o f its termination. Since
each of these 11 patients sustained serious
injury requiring hospitalization and in
some cases operative intervention, it can
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he said that the early reaction is not always
benign and care must be exercised in
management of these problems, with great
er emphasis on the degree of pathological
change observed and the symptoms exper
ienced than on the time of onset.
In the remaining 43 patients, the onset
of symptoms was delayed and the average
interval between termination of radiother
apy and onset was 17.3 months. The great
est delay in onset was 13 years.
TABLE III. — C lin ic a l M a n if e s t a t io n s
No. of
patients
Rectal bleeding..............................................
Incomplete rectal or sigmoid obstruction..
Anemia of a severity requiring transfusion
Diarrhea..........................................................
Rectal pain.....................................................
Fistulas............................................................
rectovaginal................................
5
vesicovaginal..............................
2
enterocutaneous.........................
2
enterocolic...................................
1
enteroenteric...............................
1
Passage of mucus in stool.................................
Complete small bowel obstruction..................
Incomplete small bowel obstruction..........
Ureteral strictures.............................................
Perforation of colon...........................................
Complete colon obstruction.............................

30
29
14
13
13
11

4

7
5
4
3
2

The most prominent clinical feature in
this group of patients was obstruction,
which played a dominant role in 40 of the
54 patients. In some patients, especially
those with lower rectal strictures, the symp
toms were managed conservatively by ad
justing diet and by the use of laxatives.
In a few, dilatation was necessary.
Rectal bleeding was a common finding
but generally was not severe. Bleeding
proved to be sufficiently massive and per
sistent to warrant colostomy in only one
patient, a 43-year-old woman; this
occurred two years after radiation for car
cinoma of the cervix. However, she de
veloped a paranoid psychosis and opera
tion was deferred. This patient is still in
hospital and requires frequent blood trans
fusions.
Survival Following Radiation
Nineteen patients lived five years or
more, and eight, 10 years or more. Thirtyfive patients are still alive but for a period

of less than five years. There were 19
deaths, the causes of which are given in
Table IV.
TABLE IV.—C a u s e s

of

D ea t h

No. of
patients
Recurrent tumour..........................................
Recurrent tumour and effects of radiation
Radiation effects............................................
Unrelated cause.............................................

9
5
4
1

In Table IV it will be noted that in nine
patients death was attributed to the effects
of radiation; in four, to such effects in the
absence of malignant disease, and in five
to these effects in the presence of co-exist
ing malignant disease.
In four of the 19 patients who died,
death can be ascribed to the effects of
radiation on the small or large bowel. The
average age of these four at the time of
death was 51.7 years and the average sur
vival from the last treatment was 20.4
months. Three patients died as a result of
perforation of necrotic bowel and one from
the effects of an intestinal-vaginal fistula.
In five patients, although the presence of
metastatic disease was verified at opera
tion, at autopsy or was obvious clinically,
the direct cause of death was thought to
be the effects of radiation. The average
age of these five patients was 40.2 years
and the average time from last treatment
was 30.2 months. All of them died of bowel
obstruction or its sequelae and in only one
was the metastatic disease at an advanced
stage.
Surgical Treatment
In 28 of the 54 patients, operative inter
vention was required because of complica
tions of radiation injury to the intestine.
More than one operative procedure was
necessary in 11 and a total of 47 operations
was performed.
Results of Surgical Treatment
Colon resection with end-to-end anas
tomosis or abdominoperineal resection
was performed in seven patients with no
operative mortality. One patient died 2V2
years after resection because of small
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T A B LE VI.— Ty p e s

C o n s e r v a t iv e

N o. of
patients

Total treated conservatively........................
26
Alive at last follow -up...................................
13
Average follow-up 7 .8 years
Range in follow-up 10 months to 14 years
D ied ....................................................................... 13
Cause of death— recurrent tumour. . . .
8
— effects of radiation. . .
3
— other causes................ 2

1.
2.
3.
4.
5.

6.
7.
8.
9.

bowel obstruction due to a radiation stric
ture, which was treated by a bypass pro
cedure. Six patients are alive and have sur
vived for periods o f up to 14 years.
In three patients, small bowel resection
was carried out with no operative mortal
ity. One patient is alive one month after
operation but has disseminated lymphosar
coma. Another is alive and well more than
one year after operation. The third in
whom resection was carried out following
a radiation perforation and peritonitis,
died of recurrent tumour three months
after operation.
Small bowel bypass (enteroenterostomy
and ileocolostomy) was performed upon
five patients. Four of these patients died in
the postoperative period of peritonitis
owing to either perforation of the retained
pathological segment or to leakage at the
site of anastomosis. Because of small
bow el damage, the fifth patient underwent
a bypass procedure in addition to a sig
moid colostomy; the latter was carried out
because of pelvic recurrence and radia
tion proctosigmoiditis. After a stormy post
operative course, she passed the bypassed
segment of ileum per colostomy. The pa
tient subsequently died of recurrent tu
mour.
Colostomy was performed upon 19 pa
tients, only four of whom survived free
of malignant disease. Two of these col
ostomies were subsequently closed. Three
patients died within three months o f meta
static carcinoma or the effects of associ
ated operations. T w o patients with sigmoid
colostomies developed small bowel ob 
struction which proved fatal in both in
stances. Three patients required further
bowel resection. Six patients were lost to
follow-up study.

of

O p e r a t io n

Colostomy— sigmoid colon ...............................
Colostomy— transverse colon ..........................
Closure of colostomy..........................................
Revision of colostomy........................................
Colon resection— primary resection and
anastomosis of sigmoid colon....................
— anterior resection of rectum ................
— abdominoperineal resection..................
Primary small bowel resection.........................
Bypass procedures— enteroenterostomy. . . .
— ileotransverse
colostom y........................
Plastic repair of small bowel stricture...........
Miscellaneous—ureteroplasty..........................
—division of adhesions............
—drainage of abscess...............
-—pain-tract section..................

to OOto-vj

of

T reatm ent

1

00 00 to to 00

TAB LE V . — R e s u l t s

►
—to I-* to
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D isc u ssio n

The high incidence of radiation injury
in women reflects the frequent use of radi
ation in the treatment of gynecological
cancer. Although the total number of pa
tients treated for radiation injuries is not
known, the majority are managed in a sat
isfactory manner by conservative means
without hospital admission, and with symp
tomatic recovery. If the symptoms are suf
ficiently severe to require hospitalization,
the incidence of serious complications is
high.
In this group, the mortality directly at
tributable to radionecrosis of bow el was
17% . Of these, four patients were appar
ently free o f malignant disease at the time
of death. The five patients in whom meta
static disease was present but in whom the
cause of death was radiation injury, died
of the effects of bowel obstruction, despite
surgical intervention in some cases.
None of the deaths was due to hemor
rhage, although anemia was a prominent
feature in nearly one-quarter o f the pa
tients.
Analysis of the treatment and its results
led to some interesting impressions. O f the
13 out of 26 patients who were treated
conservatively and survived, most did re
markably well as evidenced by the average
survival of nearly eight years. It appears
that the effects of radiation in these pa
tients were self-limiting and the response
of the tumour to treatment was satisfac
tory. However, a note o f caution must be
interjected. Complications of radiation,
sufficiently severe to cause death, occurred
in three of the 26 patients in this group.
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A by-pass procedure is not recom
mended as the operation of choice in radi
ation ileitis. Four of the five patients in
whom damaged bowel was by-passed died
of peritonitis owing to leakage from the
area of radiation injury or from the anas
tomosis. The fifth patient survived but
had a complicated postoperative course
culminating with the passage of the by
passed loop per colostomy. W e recom
mend that this procedure be reserved for
those cases in which mobilization of the
bowel is technically difficult or hazardous.
W e have had greater success with resec
tion of diseased small or large bow el and
primary end-to-end anastomosis. Ten pa
tients treated in this manner survived op
eration even though in one patient, resec
tion was performed in the presence of gen
eralized peritonitis owing to perforation of
the ileum. Tw o patients in this group died
of malignant disease, one after three
months and one after 30 months, but eight
patients are alive and well for periods up
to 14 years.
A colostomy, preferably a sigmoid col
ostomy, is frequently the only procedure
possible because of the presence o f a lowlevel stenosis, associated radiation injury
and pelvic malignancy, or extensive recto
vaginal fistulas. A sigmoid colostomy is
functionally superior to one placed in the
transverse colon. However, a wide resec
tion of the radiated bowel is preferred. An
terior resection, abdominoperineal resection
and sigmoid colon resections were all
feasible and were carried out successfully
in the small group of patients reported
here.

Su m m a r y

Radiation injuries of small bowel, colon
and rectum occur in 2% to 5% of patients
receiving pelvic radiation, most commonly
for carcinoma o f the cervix.
The effects of radiation may clinically
mimic recurrent malignant disease and the
treatment of a complication amenable to
cure may be neglected for this reason.
If technically feasible, a wide resection
of the damaged small or large bow el is
advised. Bypass, in our experience, has

been unsatisfactory, whereas primary re
section has given good results.
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Parmi les complications de la radiotherapie profonde pour lesions cancereuses du bassin, il y a
lieu de considerer les blessures de l’intestin. Leur
gravite est grande. Les auteurs ont etudie statistiquement 54 cas de ce genre traites au “Toronto
General Hospital”. II ressort que la frequence de
ces lesions varie entre 2% et 5% des cas soumis a la
radiotherapie. Les types de cancer qui avaient ne
cessity le traitement etaient: cancer du col uterin,
cancer du corps uterin, cancer de l’ovaire, cancer
du vagin, cancer du testicule, cancer du rectum,
cancer de l’ileon ou du cascum. Les symptomes
apparurent en moyenne une trentaine de jours
apres la cessation de la therapie. Ils consistaient en
saignement rectal, obstruction partielle anemie se
vere necessitant des transfusions, diarrhee, douleur
rectale, excretion de glaires muqueuses, perfora

tion colique. Dans cette serie, il y eut neuf cas de
mort qui peuvent etre attribues directement aux
complications de l’irradiation. Vingt-huit malades
durent etre soumis a des re-interventions qui
etaient: colostomies principalement sur le sigmo'ide, resections coliques, resections du grele,
entero-enterostomies, colostomies ileo-transverses,
traitement de retrecissements du grele, plasties
ureterale, sections de brides adherentielles et enfin drainages d’abces. Du point de vue histopathologique, on sait que les radiations causent
tout d’abord une reaction dans la paroi intestinale,
se traduisant par une hyperhemie et un cedeme;
secondairement, un etat inflammatoire accompagne de la formation de tissu granulomateux
s’installe. C ’est ainsi que naissent les ulcerations,
les fistules et les retrecissements. Le tissu conjonctif peri-rectal reagit par une fibrose; les petits vaisseaux montrent souvent des phenomenes d’endarterite qui expliquent les troubles ischemiques. Les
auteurs attirent 1’attention sur le fait que ces
lesions par irradiation peuvent facilement etre
confondues avec une metastatisation ou une ge
neralisation du cancer primaire. Ce diagnostic doit
etre fait.

A PRACTICAL MANUAL FO R
M EN T O F BURNS. Eli Rush
foreword by Sidney Schiffer.
Charles C Thomas, Springfield,
son Press, Toronto, 1964. $8.00.

THE T R E A T 
Crews, with a
119 pp. Illust.
111.; The Ryer-

TEXTBO O K O F THE FU N D U S O F T H E E Y E .
Arthur J. Ballantyne and Isaac C. Michaelson.
520 pp. Illust. E . & S. Livingstone L td ., E d 
inburgh and London; The Macmillan Company
of Canada Limited, Toronto, 1962. $25.20.

This book, dedicated to enlightenment of the
surgical resident and practising surgeon, joins
a rapidly increasing literature on the care of
the burn wound. The author’s treatment of the
subject from first aid through early manage
ment to the healing phase is cursory. The
teaching regarding local wound care with bac
teriostatic agents and the emphasis on pre
operative fluid balance is praiseworthy; for the
novice, the instruction as to ascertaining the
depth of burn and the management of nutri
tional balance is deficient and the conserva
tive management of deep circumferential limb
burns without immediate fasciotomy is ques
tionable. The style throughout is pleasantly
conversational but the audience to which the
book is directed will wish for more precise
and condensed details of the initial phases;
no schedules for the administration of nar
cotic, tranquillizer, digitalis, or even blood in
the management of the extensive deep burn
are included.

Although this text is designed primarily to re
cord the appearance of the normal and dis
eased fundus it consists of much more than a
collection of fundus drawings. Wherever pos
sible appropriate pathological preparations
have been employed to illustrate disease states
and this permits a more accurate correlation
of visible ophthalmoscopic signs with structur
al change. In addition the authors have fre
quently employed visual field records to dem
onstrate the effects of fundus lesions on vision.
Discussions of symptoms, prognosis and treat
ment are included. The book describes meth
ods of fundus examination, the appearance of
the normal fundus, changes with vascular dis
ease, inflammations, degenerations, tumours
and disease of the choroid and optic nerve.
The many coloured illustrations, drawings and
photographs are of a very high quality. The
book is not a definitive reference work on eye
disease but does make possible a better un
derstanding of the significance of ophthalmo
scopic findings.

18. S m it h , L. M. C. el al.: Radiation injury to
rectum and sigmoid colon, Amer. Surg.,
2 7 : 660, 1961.
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CANCER OF THE BLADDER
Biochemical Factors in Its Etiology
W. K. KERR, M .D, F.R.C.S.tC],0 MARTIN BARKEN, M.A., M.D., B.Se.(M ed.)t and
Z. MENCZYK, A.R.T., Toronto

T he search for the cause of cancer has led
investigators into the many diverse fields
of biochemistry, virology, biometrics and
statistics, cytological biochemistry, genetics
and immunology.

over, in the high-incidence countries, the
incidence has doubled in the past 20
years.6’ 7
In the Middle East and Africa, where
bilharzial infestation is endemic, there is
a definite relationship between this disease
and cancer of the bladder.8 Turkish cattle
have a higher incidence than North Ameri
can cattle,9 and cigarette smokers are more
prone to it than non-smokers.7
These well-known and diverse etiological
factors beg for a common biochemical ex
planation. The first attempts at biochemi
cal investigation were directed toward the
relationship of industrial factors to cancer
of the bladder.
Although initial investigations implied
that aniline itself was the carcinogen, it
soon became evident that certain intermed
iaries in its manufacture were responsible.
The most commonly implicated compound
was 2-naphthylamine (Fig. 1); the others,

There are a number of reasons why re
search into the etiology of cancer of the
bladder has concentrated on its biochemi
cal aspects. Such a relationship was first
suggested in 1895 by Rehn,1 who reported
three patients with bladder tumour in a
dye-works in Germany employing a total
of 45 workers. So firm became this associa
tion that it was termed “aniline workers’
cancer”.2 4 Today it is recognized that tu
mours of the bladder are an occupational
hazard, not only in the dye industry, but,
more recently, also in the synthetic rubber
and plastics industries. By 1946, tumours
of the bladder became a specified disease
in the Industrial Injuries Act of Great
Britain.5
Apart from industrial exposure, there is
a geographical distribution of the disease
which has so far defied analysis. In the
large urban centres in North America,
Great Britain, Denmark and Australia, the
incidence at the age of 75 is approximately
130 per 100,000 living population. The in
cidence in the urban areas of Japan, Nor
way, Sweden and New Zealand and in the
rural areas of the countries listed above
is about half of this, or 40 to 65 per 100,000
living population at the age of 75. More-

Fig. 1.—2-naphthylamine, a compound which
belongs to the general class of aromatic amines
because it contains a benzene ring to which an
amino group is attached.
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for example, benzidine and paraxenylamine, shared with naphthylamine the
same structural features in that they were
all aromatic amines. Since the major con
cepts in this field developed around 2naphthylamine, the subsequent discussion
concerns this compound to the exclusion
of the others.

NH2

2-naphthylamine
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2 -a m in o -l-n a p h th o l
Fig. 2.—2-amino-l-naphthol. Note that the hy
droxyl group is adjacent to the amino group.

In 1938, Hueper, W iley and W olfe10
demonstrated that the oral administration
of 2-naphthylamine to dogs for periods as
long as two years produced cancer of the
bladder in over 80% of the animals so
treated. However, similar attempts in rab
bits and mice met with failure and so did
direct instillation of 2-naphthylamine into
the bladder.11
Scott and Boyd12 demonstrated that if 2naphthylamine was fed to dogs in whom
the urinary stream had been diverted to
the sigmoid colon, bladder cancer did not
develop, although carcinoma of the upper
urinary tract did. This was confirmed by
McDonald and Lund,13 who fed 2naphthylamine to dogs in whom the dome
of the bladder had been isolated from the
bladder proper. Carcinogenesis occurred
in the bladder but spared the isolated
dome.
Whatever the final carcinogen, it seemed
to exert its effect through direct contact
with the urothelium, and was carried to
this point of contact by the urinary stream.
Since 2-naphthylamine itself in direct
contact with the bladder epithelium failed
to produce bladder cancer, a search was
begun for its metabolic products. From
this search evolved our present formula
tion of bladder oncogenesis. Wiley14 found
that a large proportion of 2-naphthylamine
administered to dogs was hydroxylated in
the ortho-amino position to 2-amino-lnaphthol (Fig. 2), whereas other investiga
tors noted that in rabbits and mice, which
seemed immune to the carcinogenic effects
of 2-naphthylamine, hydroxylation took
place on the opposite ring (Fig. 3).1B’ 16
The fundamental concept arose that the
carcinogenic aromatic amines had to he
metabolized to their ortho-aminophenol
derivatives first, and then excreted in the
urine, where, by direct contact with the

2 - a rn in o -6 -n a p h th o l
Fig. 3.—2-amino-6-naphthol. Note that the
hydroxyl group is remote from the amino group.

urothelium, carcinogenesis was stimulated.
Bonser and associates1719 confirmed this
concept by demonstrating that paraffin pel
lets impregnated with the aromatic amines
were far less carcinogenic when instilled
directly into the mouse bladder than when
these same pellets were impregnated with
the ortho-aminophenol derivatives o f the
aromatic amines (Fig. 4).

OH

0 - am in o p h en o l
Fig. 4.—Ortho-aminophenol. In this basic con
figuration there is a benzene ring to w hich an
amino group and a hydroxyl group, immediately
adjacent to each other, are attached.

This last group of experiments com 
pleted the classical requirements for es
tablishing the etiology of any disease.
Exposure to the agent had been dem on
strated. Its metabolites had been recovered
from the urine of patients, and, finally,
exposure of experimental animals to the
agent orally or to its metabolites topically
reproduced the disease.
Beta -G lucuronidase

The ortho-aminophenols related to in
dustrial bladder cancer and those to be
discussed in relation to spontaneous blad
der cancer are found in the urine partly as
free compounds, and partly as conjugates
with sulphuric and glucuronic acids. It is
conceivable that urinary aryl-sulfatase and
beta-glucuronidase could convert these
harmless conjugates to free and active
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Fig. 5.—The metabolism of tryptophan. Note that all the ortho-aminophenols occur in the
pathway that leads to nicotinamide via kynurenine.

carcinogens. Both enzymes were found in
greater than normal amounts in the urines
of patients with bladder cancer. 2022
However, other urinary tract diseases22
and even surgical procedures23 were also
associated with elevations of urinary glu
curonidase. Moreover, the administration
of 1-4 saccharolactone, a known glucuroni
dase inhibitor, failed to modify the carcino
genic activity of the aromatic amines in
experimental animals24 and failed to alter
the natural history of the disease in man.25
Removal of the bladder containing tumour
resulted in a return of previously elevated
glucuronidase levels to normal, and it ap
pears that the elevated urinary glucuroni
dase seen in bladder tumour patients is
the result of tumour metabolism.23 Even
the normal bladder is a significant source
of urinary glucuronidase.26 At the present
writing, the role of beta-glucuronidase is in
doubt, but is by no means disproved. If
this enzyme does participate in carcino
genesis, it would suggest that the tumour,
through the elaboration of beta-glucuroni
dase, enhances its own growth.

S po n t a n e o u s B ladder C ancer

The biochemical findings in industrial
bladder cancer patients led investigators to
search for endogenous sources of orthoaminophenols in spontaneous bladder can
cer patients. A prominent source was tryp
tophan, an essential amino acid. Besides
being incorporated into the body proteins,
it is also broken down to many products
(Fig. 5), such as certain ortho-aminophen
ols; for example 3-hydroxykynurenine, 2
amino-3-hydroxyacetophenone, and 3-hydroxyanthranilic acicj.. Xanthurenic acid
and xanthurenic acid 8-methyl ether are
also ortho-aminophenols, but in the form
er, the amino group, and in the latter, both
the amino group and the hydroxyl group,
are substituted.
Once again, direct implantation of tryp
tophan and its metabolites in cholesterol
and paraffin pellets into the mouse bladder
confirmed that the ortho-aminophenol
products were carcinogenic and that 3hydroxyanthranilic acid was the chief
offender.27 Independent investigators con-
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firmed that patients with cancer of the
bladder did in fact excrete larger amounts
of 3-hydroxyanthranilic acid than did nor
mal subjects.28'30 It is an accepted prin
ciple that chemical carcinogenesis requires
prolonged exposure to the carcinogen,31
and in the specific case of bladder tumours
in man this period may be as long as 15
years.32 The metabolic pattern in these pa
tients before the onset of tumour is not
known. Abul-Fadl and Khalafallah33 note
that bilharzial infestation alone is associ
ated with an increased urinary excretion of
3-hydroxyanthranilic acid. Perhaps in this
small select group of patients we may be
permitted to assume the presence o f an
increased amount of ortho-aminophenols in
the urine which precedes the onset of tu
mour.
In 1962, Kerr et al.Si noted that in a pa
tient with renal cell carcinoma, the affected
kidney excreted twice as much orthoaminophenol carcinogens as the contralat
eral normal kidney, although, in other re
spects, the function was equal on the two
sides. This led to the investigation of the
role of the urinary tract in ortho-aminophenol production. It was observed that
the normothermic perfused isolated dog’s
kidney was capable of metabolizing tryp
tophan along its carcinogenic pathway, as
was an isolated human bladder containing
tumour.35 It was concluded that the urin
ary tract, or the urinary tract containing
tumour, was a significant source of kynurenine, a metabolite which while not itself
a carcinogen is nevertheless a precursor
of the carcinogenic ortho-aminophenols.
Although it is assumed that the liver is a
major anatomic site of tryptophan metabol
ism, the role of other sites such as the
prolific flora of the intestinal tract has not
been explored fully.
In order to elucidate further the bio
chemical abnormality in bladder cancer
patients, Kerr, Barkin and associates have
used a tryptophan tolerance test. Trypto
phan metabolites are determined in succes
sive 24-hour urine collections before and
after the administration of L-tryptophan.
The metabolites are grouped together into
the four major steps leading to nicotinam
ide. The basic biochemical abnormality in
patients with bladder tumours appears to
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Fig. 6.—Tryptophan tolerance test in a patient
with multiple recurrences of bladder tumours.
The metabolites grouped together in each bar
graph are indicated on the right. Following trypto
phan administration there is an increased excre
tion of all metabolites except nicotinamide, indi
cating a block in the conversion o f 3-OH
anthranilic acid to nicotinamide.

be an inability to convert 3-hydroxyan
thranilic acid to nicotinamide (Fig. 6). This
results in an accumulation proximally of
ortho-aminophenol as well as other meta
bolites of tryptophan.
Quagliariello and associates36 reported
that large doses of pyridoxine (vitamin
B„) will restore the biochemical abnorm
ality in tryptophan metabolism seen in
patients with cancer of the bladder. This
has been confirmed by Brown et al.30 and
in our own laboratory. However, clinical
trials with pyridoxine have, as yet, failed
to alter the natural history of the disease
in these patients.
The ultimate proof of the role of trypto
phan in the genesis of spontaneous bladder
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cancer would be the demonstration of
these abnormalities predating the onset of
bladder cancer. In order to do this one
would have to measure the pattern of
tryptophan metabolism in a vast number
of normal young subjects and follow them
up for several decades in order to deter
mine whether an abnormal pattern is ac
companied by a significant increase in the
incidence of cancer of the bladder. This
is neither practical nor feasible. Therefore,
present lines of research are directed to
ward the investigation of the role of the
tumour in the production of tryptophan
metabolites. Patients with bladder tumour
are being investigated before and after
cystectomy or transurethral resection in
order to determine whether the biochemi
cal abnormality persists after the removal
of the tumour. If it does, then we shall
have reliable proof of a co-existing bio
chemical abnormality which is independent
from the tumour.
S um m ary
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Although there is considerable evidence
that a derangement in the metabolism of
tryptophan is the biochemical basis for
carcinogenesis in the bladder, no definite
conclusion can be reached until it has
been demonstrated that the abnormality
in tryptophan metabolism observed in
these patients precedes the onset of tu
mour formation or, at least, that it is not
the result of the tumour.
Therefore, further investigation con
tinues into the relationship between tu
mour metabolism and the abnormal prod
ucts of tryptophan breakdown found in
patients with carcinoma of the bladder.
R efe r e n c e s
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R esu m e
II y a de nombreuses raisons qui ont fait suspecter une relation possible entre le cancer de la
vessie et divers produits chimiques. Ainsi, en
1898 deja, Rehn avait note trois cas de ce genre
chez un groupe de 45 ouvriers employes dans la
fabrication de colorants synthetiques. On parla
meme alors de “cancer des ouvriers de l’aniline”.
De nos jours, on s’accorde a reconnaitre que
effectivement, les tumeurs de la vessie sont un
danger professionnel, non seulement dans l’industrie des colorants mais aussi dans certaines
branches de l’industrie du caoutchouc. En outre,
dans les pays ou la bilharziose sevit, on note une
nette augmentation de ces cancers. II semble done
qu’on puisse leur trouver un facteur etiologioue
commun, peut-etre une substance chimique. Experimentalement, on a commence a etudier Faction
des amines aromatiques. L ’aniline est cancerigene,
mais certains composes intermediums le sont
egalement. C ’est ainsi qu’on a pu provoquer le
cancer vesical avec 80% d’incidence, chez des
chiens recevant oralement de la 2-naphtylamine
pendant deux annees; de plus, si Ton provoque
une derivation du flot urinaire vers le colon sigmoi'de, la vessie se trouve epargnee. II est done
certain qu’il s’agit la d’une action directe de la
drogue (ou d’un de ses produits de degradation)
sur Tepithelium vesical. La 2-naphtylamine^ n’est
pas excretee telle quelle, mais transformee en
2-aminonaphtol. On a avance que cette transfor
mation pourrait peut-etre s’effectuer sous l’influence de la beta-glucuronidase, mais la question
de savoir si cette enzyme est produite^ par la
muqueuse vesicale ou par la tumeur n’est pas
clarifiee. Les auteurs ont cherche si de tels orthoaminophenols ne seraient pas d’origine endogene,
et ceci les a mene a etudier en detail le metabolisme du tryptophane et de ses metabolites. Le
siege principal de ce metabolisme est le foie, mais
le tractus urinaire semble y participer egalement
a l’etat normal. En conclusion, il y a, selon les
auteurs, de bonnes raisons de penser que les
troubles du metabolisme du tryptophane sont
relies a la carcinogenese vesicale, ceci ne pourra
etre definitivement prouve que lorsqu’on pourra
demontrer que ces troubles precedent reellement
1’apparition de la tumeur.
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CASE REPORTS
CONGENITAL SOLITARY KIDNEY W ITH CROSSED ECTOPIA0

A. H. IRVINE, M.D., F.R.C.S.[C], F.A.C.S.f and H. F. YAMAN, M.D.,t Ottawa, Out.
C rossed renal ectopia involving a congeni
tal solitary kidney is an extremely rare
anomaly of the urinary tract. Only eight
such cases have been reported in the uro
logical literature to date. In a series of 364
cases of renal agenesis and dysgenesis from
the Armed Forces Institute of Pathology,
Ashley and Mostofi1 reported 232 cases of
unilateral agenesis and did not encounter
a single case of crossed ectopia among
them. Crossed ectopia itself is an unusual
anomaly. Abeshouse10 was able to collect
337 cases from the literature, and added
four of his own. In the majority of these,
the two kidneys are fused. Wilmer2
found the incidence of unfused crossed
renal ectopia to be 14.5% of all forms of
crossed ectopia. The case of crossed ec
topia of a solitary kidney presented here
is believed to be the ninth in the literature,
and the first having an associated retrocaval ureter.
C ase R eport
J. McM., a 25-year-old white woman, was
admitted to the Ottawa Civic Hospital on
July 3, 1963. She had been born after a nor
mal full-term delivery and had had no signi
ficant illnesses until the age of 9. At that
time a left inguinal herniorrhaphy was per
formed, when it was recorded that a structure
encountered was thought to be the left ovary
and was returned to the peritoneal cavity. At
age 13, she was seen by her family phsyician
because of delayed menarche. She was re
ferred to a gynecologist who discovered that
the vagina and uterus were absent. At age 19,
she was admitted to hospital in British Colum
bia with an acute urinary tract infection. An
intravenous pyelogram showed a solitary kid
ney on the right side with some degree of
hydronephrosis. The infection responded to

“From the Department of Urology, Ottawa Civic
Hospital, Ottawa, Ont.
/Attending Urologist, Ottawa Civic Hospital;
Clinical Instructor, University of Ottawa.
/Formerly Assistant Resident in Urology, Ottawa
Civic Hospital.

treatment with antibacterial drugs. No further
investigation was carried out at that time.
After another acute infection at the age
of 20, she was sent to Vancouver where a
cystoscopy and retrograde pyelograms were
carried out. It was noted that there was a
solitary kidney with crossed ectopia and some
obstruction at the ureterovesical junction. An
attempt was made to dilate the ureterovesical
junction endoscopically. The possibility of
plastic surgery to construct a vagina was con
sidered, but the procedure was deferred. Since
that time she has not had any further urolog
ical complaints. She was married at the age
o f 22 and despite her genital anomalies, has
been happy and well adjusted. Before her
referral for urological assessment in June of
1963, she had undergone a medical examina
tion required before adopting a child, and was
found to have mild pyuria and proteinuria.
She was then admitted to hospital for com
plete urological investigation.
General physical examination was unremark
able aside from the genital tract. She was a
well-developed young woman with normal
body build and secondary sex characteristics.
Blood pressure was 120/78 mm. Hg. A kid
ney was felt in the right renal fossa. It was
not palpably enlarged and was not tender.
There were no other masses or areas of ten
derness in the abdomen. Pelvic examination
was deferred.
Urinalysis disclosed an occasional white
blood cell, no casts and a one-plus proteinuria.
The leukocyte count was 8100/c.mm. with
normal differential. Hemoglobin was 12 g.,
hematocrit 37%, sedimentation rate 15 mm. in
1 hour, and the total protein 5.7 g. with nor
mal albumin/globulin ratio and electrophoretic
pattern. Blood urea nitrogen (BU N ) was 18
mg. % and creatinine 1.1 mg. %. An intraven
ous pyelogram was carried out which showed
a solitary functioning left kidney with crossed
ectopia. There was a moderate dilatation of
the ureter and pelvis, suggesting obstruction
at the ureterovesical junction and the possi
bility of a retrocaval ureter. A second renal
outline could not be seen. Cystoscopy revealed
a hemitrigone and a normal left ureteral ori
fice. There was no evidence of urethral or
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Fig. 1.—Retrograde pyelogram before operation. Solitary left kidney with crossed ectopia and
malrotation is shown, (a) Obstruction due to the retrocaval course of the ureter can be seen, (b) As
the catheter is withdrawn, the dilatation of the lower ureter became evident.

bladder neck obstruction. A bladder specimen
of urine was taken for culture and no growth
was obtained. A No. 5 F. ureteral catheter was
easily passed up to the left renal pelvis and a
retrograde pyelogram was obtained. These
films confirmed the diagnosis of crossed ecto
pia of a solitary kidney with obstruction at the
ureterovesical junction (Fig. 1). Again the
possibility of a retrocaval ureter was suggested.
The labia were well formed. The urethral ori
fice was rather patulous. The vagina was rep
resented by a shallow depression posterior to
the urethral meatus. On rectal examination
under anesthesia the uterus could not be felt,
but a normal-sized ovary was easily palpable
on each side.
A decision was made to explore the ureter
with a view to reimplanting it in the bladder
to relieve the ureterovesical obstruction. The
peritoneal cavity was opened through a mid
line suprapubic incision which was extended
superiorly to a point above the umbilicus. The
uterus was absent. The ovaries were present
and normal in size. There were rudimentary
fallopian tubes on each side. These consisted
of the ampulla and fimbriae which were slight
ly smaller than normal. The tubes then tapered
medially to the fine cord-like structures which
disappeared after about 5 cm. There was no
right kidney. The left kidney lay in the right

renal fossa and its ureter crossed the midline
to enter the left side of the bladder. The
ureter was considerably more dilated than had
been apparent in the pyelograms. The poster
ior parietal peritoneum was incised and the
retrocaval course of the ureter became appar
ent. Since both ureterovesical and retrocaval
obstructions required correction, the ureter
was transected where it entered the bladder,
dissected off the posterior wall of the inferior
vena cava and drawn proximally from under
the vena cava, so that it lay to the right side
of the great vessels. A retroperitoneal tunnel
was made down to the right posterolateral wall
of the bladder and the ureter placed in it.
All peritoneal openings were then closed.
Working extraperitoneally and through the
bladder, the ureter was reimplanted on the
right posterolateral wall of the bladder. An
oblique muscular and submucosal tunnel was
made and the cut edge of the ureteral wall
was everted to form a cuff, after about 5 cm.
of redundant ureter had been excised. The
bladder was closed in two layers and drained
with an indwelling urethral catheter. A Pen
rose drain was left in the retroperitoneal space
and brought out through the suprapubic in
cision which was closed in layers.
Her postoperative course was satisfactory
despite a low-grade fever which lasted for
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Fig. 2.—Retrograde pyelogram taken in the early
postoperative period. The new course of the re
implanted ureter is seen. The ureter has not been
filled with dye.

one week. This was attributed to urinary tract
infection, although there was no direct evi
dence to support this. Antibiotic therapy was
instituted and the fever gradually subsided.
Repeat urine cultures had shown no growth.
Postoperatively the BUN was 18 mg. % and
urine output was normal. The Penrose drain
was removed in one week and the catheter in
12 days. At that time cystoscopy and retro
grade pyelograms were repeated. The nipple
of the reimplanted ureter was covered with
a loose flocculant exudate which made its via
bility difficult to assess. However, an efflux of
clear urine was noted. A ureteral catheter was
easily introduced. These early films showed
the new course of the ureter and the degree
of dilatation to be about the same (Fig. 2).
She was discharged from hospital afebrile,
voiding freely and without discomfort.
D isc u ssio n

Congenital solitary kidney is an uncom
mon anomaly. In 51,880 autopsies, Camp
bell3 found 94 cases of renal agenesis, a
ratio of 1:552. H e noted that this abnormal
ity was frequently accompanied by ano
malies of the lower urinary tract or of
other systems. Shumacker4 collected 28
cases of unilateral renal agenesis accom
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panied by true unicornuate uterus and
other anomalies of the female genital tract,
such as isolateral kidney and ovary, round
ligament, broad ligament, bicornuate, sep
tate, solid or arcuate uterus, double vagina
and other malformations. Of the anomalies
of position involving the upper urinary
tract, crossed ectopia is probably the least
common. In the majority of these (85.5%)
the two kidneys are present in a fused
form, the remainder being unfused. Ashley
and Mostofi1 reviewed 245,000 autopsy
protocols taken from the Armed Forces
Institute of Pathology in which they found
eight cases of crossed renal ectopia, all of
the fused type. There were no cases of
solitary crossed renal ectopia. Crossed ec
topia involving a congenital solitary kidney
is exceedingly rare, only eight having ap
peared in the literature before this re
port.5'8 In all but two of these, there have
been associated anomalies involving the
genital tract and this has been true with
the present case as well. In fact, it has been
our experience in this hospital that in all
cases of congenital solitary kidney, where
there has been an absence of the trigone
on the side involved, anomalies of the gen
ital tract have been present.
There is no general agreement as to
whether the ureter alone crosses the mid
line to unite with the metanephric tubules
of the opposite side, or whether the kidney
and ureter cross together. The latter is
perhaps more widely accepted.
Most of the cases to date have presented
with upper urinary tract obstruction, infec
tion or both. In the present case there was
a past history of pyelonephritis, but no
evidence of active infection was obtained
during our examination. The cause of the
ureterovesical obstruction was not appar
ent. Bladder function was normal and
pathological examination of the excised
lower ureteral segment was unremarkable.
However, the hydroureter and delayed
emptying on intravenous pyelography
were quite definite. Had this been the
only site of obstruction, a simple reimplan
tation likely would have been our ap
proach to the problem. W ith a second point
of obstruction due to the retrocaval course
of the ureter, it was necessary to attempt
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to overcome both impediments and so the
operation described above was performed.
To date she remains well and free from
symptoms referable to the urinary tract.
Su m m a r y

The ninth case of crossed renal ectopia
with a solitary kidney is reported. Man
agement of the associated ureterovesical
and retrocaval obstruction is described.
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R e su m e
L ’ectopie croisee d’un rein unique est un status
tres rare dont on ne trouve que huit cas decrits
dans la litterature; les auteurs en rapportent ici
un neuvieme. II s’agit d’une femme de 25 ans,
admise le 3 juillet 1963 au “Ottawa Civic Hos
pital”. Dans ses antecedents, on trouve une histoire de hernie inguinale gauche operee a l’age
de 9 ans, dont le sac contenait une structure
curieuse que le chirurgien pensa alors etre l’ovaire.
A Page de 13 ans, comme elle n’avait pas de
regies, elle fu t examinee par un gynecologiste qui
decouvrit une absence de vagin et d’uterus. A
Page de 19 ans, elle souffrit d’une crise infectieuse urinaire aigue et un pyelogramme intraveineux qui fut pratique montra un rein unique droit
avec un leger degre d’hydronephrose; cependant,
l’affection repondit bien au traitement antiseptique. Une annee plus tard, on pratiqua une
cystoscopie et un pyelogramme par voie retro
grade, qui fit decouvrir un rein unique en posi
tion croisee, ce qui causait un certain degre
d’obstruction a la jonction uretero-vesicale. Lors
de l’admission dans le service des auteurs, la
malade souffrait de pyurie et d’albuminurie; elle
etait dans un etat general satisfaisant et normalement developpee, a part ses anomalies genitales.
L ’analyse des urines permit de trouver une albuminurie moderee et quelques leucocytes. Une
laparotomie fut faite: Puterus etait absent, mais
les ovaires etaient normaux; il existait aussi deux
trompes uterines rudimentaires. II n’y avait pas
de rein a droite; le rein gauche etait situe dans
la fosse renale droite, et son uretere traversait la
ligne mediane pour s’inserer sur la moitie gauche
de la vessie. Par une incision retroperitoneale, on
put dissequer Puretere, qui etait passablement
dilate, et passait en arriere de la veine cave inferieure. On le sectionna a son insertion vesicale
et le ramena sur le cote droit des gros vaisseaux;
un tunnel retroperitoneal fut pratique dans la
paroi postero-laterale droite de la vessie. de faqon
a le re-inserer. La vessie fut suturee en deux plans
et toutes les incisions peritoneales soigneusement
refermees. Un drainage fut laisse en place. Les
suites operatoires furent satisfaisantes; le drain
fut enleve au bout d’une semaine; les controles
bacteriologiques des urines se revelerent steriles.
La malade put etre renvoyee a domicile.
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AORTIC ARCH ANOMALY WITH AORTIC DIVERTICULUM
CAUSING ESOPHAGEAL OBSTRUCTION IN THE ADULT
KENNETH C. GRANT, M .D .,“ ROBERT E. W ISE, M .D .f and
DAVID P. BOYD, M .D.,t Boston, Mass., U.S.A.
S in c e the first successful attack on vascular
compression of the trachea and esophagus
by Gross1 in 1945, the numerous anomalies
resulting from faulty development of the
fourth branchial arches and their surgical
significance have been gradually clarified.
A review of this fascinating subj’ect has
recently been published from this clinic.2
Except in childhood, vascular compression
of the esophagus or trachea, or both, has
been generally considered a medical rarity,
although the first case published in 1789
by Bayford3 was that of a woman who
died of starvation as a result of this mal
formation.
Diverticula of the aorta in association
with aortic arch anomalies have been re
ported in adults. Arkin4’ 5 in 1926 and again
in 1936 reported autopsy findings in cases
of double aortic arch, partial stenosis of
the left arch and diverticulum formation
at the left dorsal root. Kommerell6 in 1936
and Roche, Steinberg and Robb7 in 1941
have described diverticula of the aorta at
the origin of an anomalous subclavian ar
tery. Brombart8 has emphasized the fre
quent association of a diverticulum at the
root of the descending aorta which dis
placed the esophagus anteriorly in 12 out
of 17 cases of right-sided aortic arch
( Brombart’s Type II). It has generally
been accepted that diverticula which occur
at the same level represent vestiges of the
left or right embryonic fourth branchial
arch. The mature arch configuration is said
to be completed between the third and
sixth week of embryonic life. Ordinarily,
the left fourth arch persists as the aortic
arch. When the right arch assumes this
major contribution, the left fourth branchial
arch may persist as a complete though

“Formerly Fellow in Surgery, Lahey Clinic, Bos
ton, Mass., U.S.A. Present address: Ottawa, Ont.
fDepartment of Radiology, Lahey Clinic Founda
tion.
Department of Surgery, Lahey Clinic Founda
tion.

smaller vessel, as a band, or as a divertic
ulum at the level of the left dorsal root.
Blackford9 and Arkin5 postulated that
when stenosis of the left aortic isthmus
occurs before regression of the right
branchial arch, the latter persists with a
varying degree of retention of the left arch,
as described above. It may be significant,
however, that despite extensive experience
with arch anomalies in childhood, Gross10
and others1113 make no mention of aortic
diverticula or that the effect of increasing
age on the aortic wall together with a trac
tion effect exerted by attached vestigial
bands or anomalous vessels may contribute
in adults to the formation of aortic diver
ticula and ultimately to obstruction.
In those cases in which a ductus Botalli
communicates with the retained left com
ponent arch of a doubled aortic arch, a
functional requirement for the left arch
remains until birth. With closure of the
ductus and subsequent regression of the

Fig. 1.—Routine posteroanterior radiograph of the chest
showing normal lung fields. The heart is not enlarged.
The aortic knob is absent on the left and there is evi
dence of an aortic knob or arch projecting to the right
at the level of the fourth and fifth thoracic segments.
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Fig. 2.—Right anterior oblique film (14 x 17) shows
deviation of the upper third of the esophagus to the left
with a sharp indentation of the posterior right lateral
aspect of the esophagus.
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distal left arch, continued and increasing
traction may be exerted at the point of at
tachment to the growing aorta. Diverticula
of the aorta formed in this manner may not
reach significant size until adult life.
It has long been known that changes in
position and contour of the esophagus
occur secondarily to vascular anomalies. It
is also well known that these changes may
be detected by fluoroscopy and radiog
raphy of the barium-filled esophagus,
Probably the most common and best known
of these is the oblique indentation of the
upper part of the esophagus produced by
an aberrant right subclavian artery. It is
also well known that angiocardiography
will frequently outline such anomalies with
precision. Simultaneous combination of the
two methods, however, provides an extraordinarily graphic demonstration of the
relationship of a vascular anomaly to the
esophageal defect. Since it is the practice
at this institution and in most others to
perform angiocardiography without general anesthesia, it is a simple matter for a
co-operative patient to swallow thick bari-

Fig. 3.—Spot film in left anterior oblique position
shows anterior deviation of the esophagus above the
level of the bifurcation of the trachea.

um paste immediately before the contrast
medium is injected. Usually barium will
remain in the esophagus for the duration
of the angiocardiogram. It has been our
experience that this technique may aid in
the precise definition of the anomaly re
sponsible for the esophageal defect and
the associated dysphagia.
The following case is described because
it is an unusual form of esophageal ob
struction and illustrates the application of
new developments in contrast radiography.
It is to be expected that with wider appli
cation of modern diagnostic techniques and
with increased clinical awareness of these
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anomalies, these obscure hut significant
causes of dysphagia in the adult will be
brought to light and treated satisfactorily.
This case also suggests a possible etiology
of dysphagia lusoria appearing at a period
late in childhood or in adult life; namely,
the development of a traction diverticulum
of the aorta with increasing esophageal
compression.
C ase R eport

Fig. 4.—Angiocardiogram. A. A No. 8 N.I.H. catheter
has Seen passed into the left ventricle. Film made in
full right posterior oblique position shows good visual
ization of the aorta with deviation of the esophagus at
the level of the proximal descending portion of the
aorta. We believe that this was produced by diverticu
lum. B. Film made with minimal right posterior oblique
rotation demonstrates a right aortic arch. Note bulge of
the aorta in the proximal descending portion on the left
lateral aspect, corresponding to the defect in the column
of barium. This represents the defect produced by the
diverticulum of the aorta. A swallow of thick barium
paste had been given before each injection.

A 28-year-old Negro woman was first seen
at the Lahey Clinic because of fatigue after
an episode of influenza. She also described a
sensation of food “sticking” in her throat over
the 18-month period before her clinic visit.
This difficulty in swallowing had become very
troublesome during the last few weeks of this
period. A posteroanterior radiograph of the
chest revealed an abnormal silhouette (Fig.
1). An upper gastrointestinal x-ray examina
tion with barium revealed a filling defect at
the junction of the middle and upper thirds
of the esophagus (Figs. 2 and 3).
On admission to the hospital on December
11, 1962, the patient was moderately obese
and in no distress. Physical findings were with
in normal limits. Esophagoscopy was per
formed and revealed a narrowing of the eso
phagus at 23 cm. associated with a submucosal
ridge pulsating posteriorly.
A transbrachial aortogram using a No. 8
National Institutes of Health (N.I.H.) cathe
ter was obtained simultaneously with an
esophagogram. These films revealed an ano
malous aortic arch associated with esophageal
obstruction (Fig. 4).
On December 19, 1962, utilizing a left
lateral approach, thoracotomy was carried out.
At operation the aorta was found to descend
just to the left of the midline. A normally de
veloped right aortic arch was present. How
ever, the esophagus and trachea were anomal
ously placed to its left. There was a left in
nominate artery which was retracted down
ward into the exposed posterior mediastinum
by a narrow contracted vessel. At the point
of attachment of this small vessel to the
descending aorta, a diverticulum, measuring 3
cm. x 3 cm., was present. This diverticulum
appeared to be pulled onto the posterolateral
surface of the esophagus (Figs. 5 and 6). A
long, taut ligamentum arteriosum joined the
above vessel in its midportion. It was the
surgeon’s impression that the ligamentum ar
teriosum and a distal left arch had atrophied
together and, with shortening and traction,
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Fig, 6. A. Artist s drawing of actual findings as seen at operation. Attention is drawn to the
possible part played by an enlarging diverticulum in older patients. B. The completed operation.
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had produced a diverticulum of the aorta. This
diverticulum rather than the vascular ring
produced the esophageal obstruction but with
out tracheal compression.
The vestigial distal left arch and the ligamentum arteriosum were divided. The aortic
diverticulum was clamped at its broad base
and oversewn. The esophagus was mobilized
and found to be free.
The patient’s postoperative course was
smooth and at the time of her discharge nine
days after thoracotomy, she enjoyed standard
hospital meals without difficulty.
C onclusions

A case of vestigial left aortic arch with
esophageal compression is presented with
appropriate drawings and angiograms. The
simultaneous use of a thick barium paste
esophagogram and intra-aortic contrast
study is described.
A possible explanation for the late de
velopment of clinical symptoms is offered.
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R esum e
Histoire d un cas.—Une femme de race noire,
agee de 28 ans, est vue a la clinique Lahey (Bos
ton, Mass.) pour fatigue generale suivant un epi
sode^ grippal. Elle se plaint aussi d’un leger
degre de dysphagie, existant depuis 18 mois.
Effectivement, un examen baryte, montre un defaut de remplissage au niveau de la jonction du
tiers superieur et du tiers moyen de I’cesophage.
Elle est alors hospitalisee en decembre 1962. A
l’examen general, elle presente une obesite
moyenne, mais rien d’anormal. L’oesophagoscopie
montre une stricture siegeant a 23 cm. de la
bouche. On pratique un aortogramme simultane
avec un cesophagogramme; on met ainsi en evi
dence un arc aortique anormal comprimant
l’oesophage. Une thoracotomie gauche est faite:
l’aorte descend a gauche de la ligne mediane;
l’arc aortique droit est present et normalement
developpe; l’oesophage et la trachee sont anormalement places sur sa gauche; enfin, il existe
une artere innominnee avec un diverticule relie
a une formation ligamentaire (ligament arteriel)
provoquant la compression oesophagienne. Ces
structures sont liberees et sectionnees et le diver
ticule excise. Les suites operatoires furent tres
satisfaisantes, et la malade put etre renvoyee a
domicile neuf jours plus tard. Les auteurs resument les donnees embryologiques de ce probleme.
Diverses anomalies peuvent provoquer ce syn
drome de compression oesophagienne. Les ano
malies oesophagiennes, sont d’une faqon generale,
secondaires aux anomalies vasculaires. Un diagnos
tic exact est important. Celui-ci peut etre grandement facilite par la combinaison simultanee de
l’angiogramme et de l’oesophagogramme; l’anesthesie generale n’est pas necessaire et on demande
simplement au malade d’avaler une gorgee de
bouillie barytee juste avant d’injecter le liquide
de contraste vasculaire. Des images tres precises
peuvent ainsi etre obtenues.
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ESOPHAGEAL DUPLICATION PRESENTING AS A “GOITRE” IN A
64-YEAR-OLD WOMAN
I. H. KOVEN, B.A., M.D., C.M., F.R.C.S.[C], F.A.C.S.0 and
M. I. STEINHARDT, M.A., M.D.,f Toronto
T he entity, esophageal cyst, has been well
documented in the literature. Most cases
reported are found in infancy or childhood,
and represent a congenital anomaly which
can occur anywhere in the mediastinum.
The clinical manifestations associated with
this anomaly depend on its size and the
site where it occurs. In many cases the
presenting symptoms are associated with
the pressure effects secondary to the eso
phageal cyst.
Since in the literature most cases are
discovered in the younger age groups, the
finding of such an anomaly presenting clin
ically for the first time in a 64-year-old
woman is considered worthy of report.
C ase R eport

ated heat intolerance, tremor, nervousness or
diarrhea. She had had no previous medical
treatment for goitre.
The pertinent findings on physical examina
tion were confined to the neck, where there
was a large obvious “goitre” present, more to
the right of the midline and disappearing be
hind the sternum. The trachea was shifted to
the left, and the mass moved on swallowing.
There was no audible bruit. The chest was
clear to auscultation and percussion, except
for an audible inspiratory stridor. Examination
of the ear, nose and throat was negative. The
vocal cords moved equally. Examination of
the tongue was negative. The blood pressure
was 140/80 mm. Hg and the pulse was 80
per minute with a regular rhythm.
Laboratory Investigations

The pertinent findings were a blood sugar
of 110 mg. %; serum proteins, 7.36 g. %; albu
min, 4.04 and globulin, 3.32; the A/G ratio,
1:2; and protein-bound iodine, 7.4 mg. Blood
Wassermann was negative. The venous pres
sure was reported as 230 mm. of water. The
electrocardiogram was within normal limits,
and on pulmonary function studies the vital
capacity was within normal limits.
Radiographic examination revealed the
presence of a large retrosternal mass in the
upper mediastinum displacing the trachea to
wards the left and somewhat anteriorly (Fig.
1). A barium swallow was carried out and
again it was noted that there was a large
retrosternal mass present on the right side; it
displaced the trachea to the left, and the
esophagus was displaced slightly anteriorly
and to the left as well (Fig. 2).
On April 15, 1961, the patient was taken to
the operating-room with a preoperative diag
nosis of retrosternal goitre. Once exposure
had been obtained and the strap muscles of
the neck divided, it was found that the thyroid
gland itself was completely normal. It was
displaced anteriorly and to the left by a large
saccular mass lying to the right of the trachea
”Attending Surgeon, New Mount Sinai Hospital, and
esophagus and extending into the superior
Toronto.
fAssociate Radiologist, New Mount Sinai Hos mediastinum, behind the sternum. By blunt
pital, Toronto.
and sharp dissection, it was possible to separ-

Mrs. T.C., a 64-year-old woman, was in
good general health until three months before
her admission to hospital. At that time, after
an episode of viral upper respiratory infec
tion, she began to be bothered by increasing
dyspnea. This was worse at night in the supine
position, and also during the day if she
changed position rapidly. She also noted an
associated slight dysphagia, particularly to
solid and semi-solid foods. The dyspnea con
tinued to increase in severity until April 2,
1961, when she was admitted to hospital be
cause of marked shortness of breath and an
audible stridor.
The pertinent point in her past history was
that she had been told by her mother that at
the age of five she had had a “goitre”, and
she had noted a swelling in the anterior part
of her neck since that time. This had become
progressively larger over the years.
On admission to hospital, she was in some
respiratory distress. She was of stocky build
and slightly obese. She had noted a weight
loss of approximately 3 lb. to 4 lb. in the two
weeks before admission. There was no associ-
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radiograph, in order to rule out this possibility
a Levin tube was passed into the pharynx
and methylene blue dye was allowed to run
into the esophagus. No dye appeared in the
contents of the sac. As the dissection pro
gressed, it was found that the saccular struc
ture was intimately associated with the lateral
wall of the upper third of the esophagus, and
as one approached the esophagus, it was noted
that the muscular walls of both structures
were intimately associated. A plane of cleav
age was established and the entire sac was
removed. Examination of the esophagus after
this produced no evidence of any communica
tion with or perforation of the esophagus.

Pathological Findings

ate the carotid sheath and recurrent laryngeal
nerve from the mass after division of the in
ferior thyroid artery on the right side. At this
point, the mass, which was cystic, was entered
with a trocar and approximately 150 c.c. of
opaque whitish fluid was obtained. Although
no communication between this mass and the
esophagus had been demonstrated on the

On pathological examination the specimen
consisted of a membranous-like firm portion
of tissue, which measured approximately 11.5
cm. in length and 5.5 cm. in diameter. Micro
scopical section showed an irregular layer of
stratified squamous epithelium lying on a layer
of smooth muscle tissue. The final pathological
report was enterogenous cyst (esophageal)
(Fig. 3 ).
The patient’s postoperative course was quite
smooth, with complete amelioration of symp
toms and disappearance of the presenting mass
in the anterior portion of the right side of the
neck.

a

b

Fig. I .—Radiograph of the chest showing devi
ation of trachea by a soft tissue mass.

Fig. 2—(a) Radiograph of a barium swallow; anteroposterior view demonstrating displacement
of esophagus; (b) in a lateral projection.
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Su m m a r y

A case of esophageal duplication, first
discovered in a woman 64 years of age,
is presented. The clinical and operative
findings are reported in detail, as w ell as
the final pathological findings. The pertin
ent literature is reviewed to show that this
anomaly is rarely found in the older age
groups, and to substantiate the clinical and
pathological findings of this case.
The authors wish to express their appreciation
to Drs. D. Bohnen, B. Willinsky and A. M. Mor
row, for their assistance in the management and
presentation of this case.
References

Fig. 3.—Low -power photomicrograph showing
cyst wall with stratified squamous epithelium.

D iscussion

Gross,1 in his review of cases of esopha
geal duplication, noted that 65% occur
within the first year of life, followed by
9% in the second year and 8% in the third
year. Nese2 reports 10 cases of benign tu
mours and cysts of the esophagus, in which
only one case of esophageal cyst is in
cluded. In this instance, the cyst occurred
at the lower end of the esophagus in a
woman, aged 44 years. Borrie8 defines
esophageal duplication as a triad o f (1)
intimate attachment to the alimentary tract,
(2) a lining of mucous membrane similar to
some part of the alimentary tract, and (3)
possession of a smooth muscle coat.
Esophageal cyst has been well docu
mented in the literature.1- 4 6 so a further
review here would be redundant. However,
the fact that this congenital anomaly is
most frequently reported as manifesting
itself in the younger age groups might
lead the physician to fail to consider this
entity in the differential diagnosis o f a
presenting mass in the neck, as was the
case in this patient.
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2. N ese, G.: Benign tumors and cysts o f the
esophagus, Acta Chir. Scand., 114: 165,
1958.
3. Borrie, J.: Duplication of the oesophagus; re
view and description of two cases, Brit. J.
Surg., 48: 611, 1961.
4. Brem er , J. L.; Diverticula and duplications
of the intestinal tract, Arch. Path. (Chi
cago), 38: 132, 1944.
5. Gross, R. E., Neuhauser , E. B. D. and L on gino , L. A.: Thoracic diverticula which
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R esum e
D e nombreux cas de kystes oesophagiens ont
ete rapportes dans la litterature, specialement
chez les jeunes enfants. Les symptomes sont
variables, selon la taille et la localisation du kyste,
mais se ramenent generalement a des troubles
de compression. La decouverte de cette affection
chez un malade age est une eventualite rare et
c ’est la raison pour laquelle les auteurs decrivent
le cas suivant. II s’agit d ’une femme de 64 ans,
hospitalisee en avril 1961. Les troubles dont elle
souffre remontent a trois mois auparavant: elle
presente une dyspnee importante, surtout en posi
tion couchee, et un certain degre de dysphagie
pour les aliments solides. On ne trouve rien de
particulier dans ses antecedents. A l’examen ge
neral on trouve dans la region du cou une tume
faction qui semble, a premiere vue, etre un goitre
de grosse taille, s’etendant surtout a droite de la
ligne mediane et plongeant derriere le sternum,
Cette tumefaction repousse la trachee vers la
gauche, et est mobile a la deglutition. Les divers
examens de laboratoire se trouvent dans les limites normales. La radiographie confirme Fexistence
d ’une tumeur retrostemale. On decide alors d ’intervenir avec le diagnostic pre-operatoire de goitre.
A Foperation, on trouve cependant une thyroide
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tout a fait normale, mais par contre une grosse
masse kystique est evidente: on la disseque, puis
la ponctionne, ce qui permet de ramener environ
150 ml. de liquide trouble. Tandis que la dissec
tion progresse, on decouvre un point d’attacho
ment a la paroi oesophagienne dans son tiers superieur; il se trouve meme que les musculatures
des deux structures sont en etroite association.

On trouve un plan de clivage qui permet l’extraction totale sans perforation de roesophage. Les
suites operatoires furent satisfaisantes, et les
symptomes disparurent. L ’histopathologie confirma
qu’il s’agissait bien d’un kyste d’origine oesopha
gienne, la paroi en etant formee d’un epithelium
aplati stratifie reposant sur une couche musculaire
lisse.

C LIN IC A L NEUROSURGERY. Proceedings of
the Congress of Neurological Surgeons, Hou
ston, Texas, 1962. Vol. 10. 411 pp. Illust. The
Williams & Wilkins Company, Baltimore, Md.;
Bums & M acEachern, Ltd., Toronto, 1964.
$16.00.

This volume also contains the ten-year cum
ulative index of the Proceedings of the Con
gress of Neurological Surgeons, which is well
worth having.

The tenth volume of “Clinical Neurosurgery”
contains the edited proceedings of the Twelfth
Annual Meeting of the Congress of Neurolog
ical Surgeons held in Houston, Texas, in the
fall of 1962. E ach year the meeting honours
an oustanding senior neurosurgeon, and on
this occasion it was Dr. Bronson S. Ray. The
introduction contains a biographical sketch
and his bibliography. The first three chapters
were written by Dr. Ray and cover Surgery
of Recurrent Intracranial Tumours, Surgical
Treatment of Acromegaly, and Trends in Neu
rological Surgery.
This book contains 14 additional chapters
on a variety of neurological subjects by recog
nized authorities. Five papers are related to
the hypophysis and six to neuroradiological
presentations. Noteworthy among the latter is
one by Giovanni Di Chiro entitled “The Re
liability of Neuroradiology”. He has achieved
an accuracy of 92% in the detection and
localization of intracranial space-occupying
lesions and of 64% in assessing their nature.
It is his opinion that, since interpretation and
technique are so intimately related in this
field, both should be the direct responsibility
of the neuroradiologist.
In a chapter entitled “‘The Use of Steroids
for Control of Cerebral Edema”, Lyle A.
French and Joseph H. Galicich report their
experience with dexamethasone, a synthetic
glucocorticoid, and conclude that it is a highly
effective agent.
The article by James C. White, “Aneurysms
Mistaken for Hypophyseal Tumours”, is very
much worth while. He reported three personal
cases and also reviewed 33 cases from the
literature.
One of the highlights of this book is the
chapter by Michael DeBakey on “Concepts
Underlying Surgical Treatment of Cerebro
vascular Insufficiency”. The author’s vast ex
perience and the concise presentation of this
subject make this paper an important one for
anyone interested in this complex problem.

JOINT PAIN. Diagnosis and Treatment Using
Manipulative Techniques. John McM. Mennell.
178 pp. Illust. Little, Brown and Company,
Boston; J. B. Lippincott Company of Canada
Ltd., Montreal, 1964. $9.75.

This monograph summarizes the author’s per
sonal experience and philosophy regarding
joint pain and its treatment. The introductory
chapters are concerned with his own views
and ideas, as well as general considerations of
joint disease. The final chapters include tech
niques of joint manipulations, and a short
chapter on osteoarthritis. By far the greater
bulk of the book is concerned with examina
tion of joint mobility. The book is well illus
trated, making good use of the double-expo
sure prints to project a range of motion in a
joint.
The work could be more appropriately en
titled “Joint Motion” or “Joint Stiffness” rather
than “Joint Pain”. Other than speculations
and hypotheses, there is little material of
scientific nature in the book which would ex
plain the mechanism of joint pain. It is rather
a comprehensive study of a clinical entity
involving loss of a specific joint motion, called
by the author “joint dysfunction”. This refers
to the loss of joint-play movements; that is,
the involuntary movements present in all sy
novial joints. This involuntary joint-play must
be restored at the appropriate phase of the
joint disease by manipulative technique before
normal voluntary joint motion can occur. Un
doubtedly, loss of motion and joint pain are
intimately related, but not necessarily as cause
and effect, nor is it relieved as easily or simp
ly as this book suggests.
As well as the lack of scientific data, no
mention is made of specific results of treat
ment, a very precarious combination when
manipulative therapy is under discussion.
Those interested in the fine points of man
ipulative techniques will have considerable
interest in the author’s ideas.
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TECHNIQUE

THE FUSION OF INTERPHALANGEAL JOINTS0
D. C. ROBERTSON, M .D .,f Toronto

I have been impressed by the fact that
arthrodesis of interphalangeal joints is
often very badly done. Failures are com 
mon and the result is nearly always worse
than the preoperative state. Postoperative
non-union is nothing more than a trauma
tic arthritis, which is perhaps more disabl
ing than the condition for which the op 
eration was undertaken. A complication
such as atrophy of the terminal pulp of
the finger, produced by Kirschner wires in
serted through it for immobilization, results
in a permanent and irretrievable disability.
Fusion in poor position because of imper
fect preparation of the bone ends or b e 
cause of inadequate fixation detracts from
a result that could have been excellent.
Yet arthrodesis of these small joints is w ide
ly considered to be a simple operation, to
be followed by a three-week period of
rather imperfect immobilization.
This paper outlines a technique o f pre
cision mitring and skeletal fixation which
I have found extremely satisfactory and
which, so far as I have been able to dis
cover, is original. This report is based upon
the successful arthrodesis of 64 interpha
langeal joints in 52 patients. There were
no failures. While a discussion of the indi
cations for fusion is not intended, it may
be said that most of the 64 fusions were
carried out because of traumatic arthritis
or flexor profundus division with an intact
sublimis, and most were fusions of the dis
tal interphalangeal joint. A small number
(11) required fusion of the proximal inter
phalangeal joint and the usual indication
in these cases was traumatic arthritis or
irreparable extensor apparatus injury.
‘’ From the Department of Surgery, University of
Toronto, and die Toronto General Hospital.
Presented at the Annual Meeting o f The Ameri
can Society for Surgery of the Hand, Chicago,
January 1964.
f33 0 Medical Arts Building, Toronto 5.

As in any operation on the hand requir
ing precise dissection, a tourniquet is re
quired. For this reason it is necessary to
do an axillary block, brachial plexus block,
or use general anesthesia.
T e c h n iq u e

The approach to the distal interpha
langeal joint is through a U-shaped inci
sion with the proximally based flap made
over the dorsum of the joint. The flap is
turned up and the extensor tendon divided
transversely. A wide exposure of the whole
dorsal aspect of the joint is obtained (Fig.
1). The capsule is cleared away and this
includes the fibrous plate which is the
flexor portion of the joint capsule. The
approach to the proximal interphalangeal
joint may be either through a similar in
cision or through a longitudinal midline
dorsal incision centred over the joint. The

Fig. 1.—The approach. The dorsum o f the joint
is w idely exposed.
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Fig. 2.—The excision of the joint and the mitring of the bones.

skin flaps are easily retracted to give a
wide dorsal exposure.

Fig, 3.—The drilling of the four holes for wiring.

A Stryker saw with a narrow blade is
used to cut the bone ends, and with this
instrument a perfect cut can be made at
whatever angle is required to correct de
formity and obtain the desired angle of
fusion (Fig. 2). This is one of the keys to
success. Removal of the joint surfaces with
a chisel or rongeurs simply does not leave
perfectly flat surfaces to oppose each other.
A high-speed burr had been suggested for
this purpose, but these instruments are so
light in the operator’s hand that the cut
surface turns out to be less than perfectly
flat and smooth. The fixation of these
matched bone ends must now be perfectly
made. It has been my experience that
crossed Kirschner wires prevent rotation
in only one direction and that they tend
to hold the cut surfaces apart rather than
together. Wire-loop fixation is definitely
preferable. Two vertical drill holes are
made in each bone opposite to each other
(Fig. 3). A length of No. 28 stainless-steel
wire is passed through each pair (Fig. 3).
The cut surfaces are approximated and the
wires are twisted tight (Fig. 4). Because of
the perfect cuts made by the saw, the line
of fusion is almost invisible when the wires
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Fig. 4.—The wires are passed and the mitred bone ends approximated.

have been tightened. Furthermore, the
twisting-up of the wires applies the cut
surfaces of the bone tightly together and
indeed compresses them together (Fig. 5).
The twisted ends are cut and turned out of
the way and the extensor tendon, if pres
ent, is closed over them and the skin flap
is replaced and closed. For skin closure, I
have used 6-0 chromic catgut.
A plaster splint is applied. Only a finger
splint is required for distal interphalangeal
joint fusions, but it is necessary to include
the wrist for proximal interphalangeal joint
fusions and for interphalangeal joint fu
sions of the thumb. Where stiffness of the
remaining joint of the digit is not a prob
lem the splint should remain in place for
six weeks. Occasionally there may be press
ing reasons for reducing the duration of
immobilization in the fingers. In such cases
the splint can be removed at three weeks
and gentle movement of the finger per
mitted. A splint should be supplied for use
when the finger is not being exercised.
The optimum angle of fusion varies with
each joint in each finger. About 50° of Fig. 5.—The wires are tightened and the cut
flexion at the distal interphalangeal joint surfaces of the bone are held firmly together.
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Fig. 6.—The end result of the fusion of index and middle finger distal interphalangeal joints.

Fig. 7.—Radiographic views of the same case as in Fig. 6.

and 75° of flexion at the proximal inter
phalangeal joint is desirable in an index
finger. Variations in these angles for other
fingers will depend upon the patient’s
preference and perhaps upon his occupa
tion as well (Figs. 6 and 7).
It is not unusual to find that a joint
which requires fusion has a dorsal cover
of thick unstable scar quite unsuitable to
a surgical approach. In such cases the scar
may be excised and the fusion carried out
in the usual way. At the conclusion of the
operation the defect may be covered with
a free full-thickness skin graft. The line of

fusion is so fine that it does not affect the
take of the graft; indeed the fusion im
proves the bed on which the graft is to be
placed. I have modified the procedure only
by placing one 26-gauge stainless-steel
loop transversely instead of using two ver
tical wire loops of 28-gauge. This provides
good fixation but it is not as effective as
the vertical loops. However, it removes all
wire from the bed of the graft.
Many of these patients have a damaged
and deformed finger-nail and require a fu
sion of the distal interphalangeal joint. It
has been my practice to excise the nail and
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nail bed and replace it with a free full
thickness skin graft. Three months later the
fusion can be carried out through the usual
approach.
I have had two patients in whom part
o f the flap became necrotic because o f old
scarring. W ith these I have been stubborn
ly conservative and fusion has proceeded
normally. The necrotic skin sloughs and
the area heals just as it w ould if there
were no fusion beneath it. The ensuing
scar may or may not require later opera
tive repair.
I have seen many complications and fail
ures o f fusions o f interphalangeal joints
follow ing an extraordinary variety o f p ro
cedures. I recom m end this approach as
precise, adaptable and productive o f ex
cellent results.
Su m m a b y

A new technique for fusion of interphal
angeal joints is described. The importance
o f adequate dorsal exposure and precise
fitting of the bone ends is emphasized. In
addition to skeletal fixation by wire loops,
a plaster cast is required.
R esum e
L auteur a eu 1’occasion de rencontrer dans sa

ANATOMIE PATHOLOGIQUE, GYNECOLOGIQUE ET OBSTETRICALE. Correlations
anatomo-cliniques. Claude Gompel. Avec la
collaboration de Paul Wilkin. 736 pp. Illust.
Librairie Maloine S.A., 27, rue de l’Ecole de
Medecine, Paris Vie, 1963. 160 NF. .$32.00
(approx.).

Ce precis s’adresse aux pathologistes et aussi
aux cliniciens. L’auteur fait une synthese des
connaissances actuelles de l’anatomie pathologique, gynecologique et obstetricale, en
ayant soin d’y associer les notions d’etiologie
et de pathogenie et les elements cliniques indispensables a la comprehension des donnees
morphologiques. La conception de l’ouvrage
rappelle celle des manuels americains. L’iconographie est considerable et le choix des illus
trations est excellent. Leur reproduction, malheureusement, laisse souvent a desirer.
Une centaine de pages sont consacrees a
la pathologie du placenta et des annexes foetales. Cette partie de l’ouvrage, une contribu
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pratique un nombre considerable d’arthrodeses
interphalangiennes mal faites, ce qui mene a un
resultat souvent plus mauvais que l’etat pre-operatoire. En fait, lorsqu’il y a echec, on se trouve en
presence d’une forme speciale d’arthrite traumatique. Pour cette raison, l’auteur a ete amene a
mettre au point une technique precise visant a
obtenir une immobilisation parfaite de l’arthrodese.
II presente egalement une etude statistique de 64
cas de ce genre observes chez 52 patients. 11 n’y
eut aucun echec dans cette serie. L ’incision cutanee pour arthrodese interphalangienne distale
sera en forme de U, faite sur le dos de l’articulation. Pour les arthrodeses proximales on peut
utiliser une incision semblable ou encore une
incision longitudinale sur la ligne dorso mediane.
II est important que les extremites osseuses soient
coupees tres franchement et presentent une sur
face parfaitement plate; ceci peut etre fait avec
une scie de Stryker. La fixation des extremites
osseuses ne peut etre parfaite avec des broches
de Kirschner croisees, car celles-ci tendent a
ecarter les surfaces. II est preferable de recourir
a une fixation par anse metallique passant dans
des trous faits dans chaque os. Si l’operation a ete
faite correctement, la ligne de jonction entre les
deux surfaces devient pratiquement invisible.
Apres l’intervention, on devra appliquer une atelle
platree pour six semaines. En ce qui concerne les
angles de section a adopter, l’auteur recommande
les chiffres suivants: 50° en flexion pour les
arthrodeses distales, et 75° pour les proximales;
ces chiffres ne sont pas absolus et peuvent varier
selon les cas, parfois peut-etre selon le metier du
malade. Chez les patients ou l’ongle a ete anterieurement blesse et endommage, il sera bon de
faire une excision ungueale totale avec greffe de
peau libre dans un premier temps; dans un
deuxieme temps, on pourra proceder a 1’arthrodese requise.

tion de P. Wilkin, constitue un apport precieux dans un des domaines les plus mal connus et les plus negliges de la pathologie.
Une matiere tres etendue et variee est couverte dans les neuf chapitres de cet ouvrage
et, forcement, plusieurs sujets y sont traites
d’une fagon un peu schematique. A bien des
endroits le lecteur aurait souhaite trouver un
peu plus de details. A titre d’exemple, les
quelques lignes, page 591, sur les caracteres
microscopiques de la mole dissequante, nous
semblent insuffisantes pour 1’analyse histologique de cette lesion et sa differentiation du
choriocarcinome. Chaque chapitre est suivi
d’une bibliographie abondante contenant des
references choisies, recentes et de provenance
internationale.
Dans son ensemble, le precis du docteur
Gompel doit 6tre hautement recommande et
on doit souhaiter la publication prochaine de
volumes en fiancais de meme valeur sur
d’autres aspects de 1’anatomie pathologique.
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EXPERIMENTAL SURGERY
HEMODILUTION DURING EXTRACORPOREAL CIRCULATION:
A PRELIMINARY REPORT OF ITS EFFECT ON HEMOLYSIS
JOHN C. COLES, M.D.,® JORGE R. BUTTIGLIERO, M.D.f and JOHN AUST,t
London, Ont.

other than blood have been used
as diluents or complete blood substitutes
in the priming of heart-lung machines. The
use of various diluents has been proposed
in order to counteract certain specific un
desirable effects encountered during extra
corporeal circulation; these include tris
buffer, trishydr oxyaminomethane (THAM),
for metabolic acidosis;1,2 mannitol for
renal failure;3 and low-molecular-weight
dextran (Rheomacrodex) for inadequate
peripheral blood flow.3,4
Aside from their specific properties, the
addition of diluents reduces the amount
of donor blood exchanged with the pa
tient’s own during extracorporeal circula
tion. This appears to be important in the
prevention of post-perfusion sequestration
of blood.3'7
Our experience with the use of hemodilution in 120 patients who underwent
extracorporeal circulation suggested that
the degree of hemolysis was influenced by
the type of diluent.
During cardiopulmonary bypass, me
chanical trauma always causes hemolysis
but many variables in the apparatus itself
may influence the amount of hemolysis that
occurs. The variability of the factors in
each case makes difficult a correct evalua
tion of the role played by the diluent in
the production of hemolysis. For this rea
son, we set out to investigate experiment
ally the effect of different diluents upon
hemolysis, using an apparatus of our own
design in which conditions similar to those
of cardiopulmonary bypass were produced
but in which the factor of mechanical trau
ma to the red cells was standardized.
F luids

M ethod

The diluents used were: (1) 0.3 molar
tris buffer (THAM); (2) 5% glucose in
water; (3) 5% glucose in 14-strength nor
mal saline; (4) 10% low-molecular-weight
dextran (Rheomacrodex), and (5) 5% man
nitol. These diluents were used in concen
trations of 10% and 20% of the total prim
ing volume of the perfusion apparatus.
The remaining volume was made up of
whole blood. The types of blood used
were: (1) 24-hour-old heparinized dog
blood; (2) 24-hour-old heparinized hu
man blood, and (3) 30-day-old citrated
human blood.
The apparatus employed (Fig. 1) con
sisted of an oxygenator reservoir to and
from which the blood was propelled in a
circle by a roller pump. The disc-type
oxygenator was run at 100 revolutions per
minute with an oxygen flow of 3 litres per

Fig. 1.—Apparatus designed to mimic conditions
encountered in extracorporeal circulation while
standardizing mechanical trauma to the blood.
“Chief, Division of Cardiovascular Surgery, Uni Blood
is pumped in a circle, in and out of an
versity of Western Ontario, London, Ont.
reservoir (O.R.) by a roller pump
tAnesthesiologist, University of Western Ontario, oxygenator
(P). A stricture (S) in the tubing creates a highf Fourth-Year Medical Student, University of pressure gradient, eliciting a high degree of hemo
Western Ontario.
lysis.
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'minute. The pump was a completely occlu
sive DeBakey roller type, standardized at
1 litre per minute. A point of high resist
ance, designed to elicit a high degree of
hemolysis in a short time, was created by
interposing an infant-sized femoral-artery
cannula (1/16" in diameter) in the circuit.
Two hundred millilitres of blood or blooddiluent mixture (enough to cover one-half
of the radius of the discs in the oxygena
tor) were used in each experiment.
The first experiments were of two hours’
duration, but, as the hemolysis was exces
sive, this was later reduced to one hour.
The blood and the diluents were warmed
to 20° C. to avoid temperature-induced
changes in viscosity which could alfect the
results. Continuous readings of tempera
ture during the pump run, by means of a
telethermometer, showed variations of less
than 1° C. between the different experi
ments. Hemolysis was measured by the
benzidine method, modified by Crosby and
Furth, and expressed in milligrams of
hemoglobin per 100 ml. of plasma.
R esults

Table I shows the results of two experi
ments with dog’s blood. In both, complete
hemolysis occurred when tris buffer was
used as a diluent. This did not occur in
experiments conducted with human blood,
and the use of dog’s blood in this study was
therefore discontinued.
The results of four experiments using
24-hour-old heparinized human blood are
shown in Table II.
The degree of hemolysis varied with

1 ABLE I.

R
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esu lts of

D

og’s

T wo E
B lood

x p e r im e n t s

U

sin g

24-hour-old heparinized dog blood—2 -h ou ip u m p io n
hemolysis expressed in plasma hemogloblin m g .%

T A B L E I I .— R

e su lts

of F o u r E x p e r im e n t s
um an B lood

5 % glucose in water___
Low-molecular-weight
dextran........
Mannitol. . .

Exp. No. 1

Exp. N o. 2

150
Total
hemolysis
129

200
Total
hemolysis
144

117
96

115
121

Note complete hemolysis obtained with T H A M .

s in g

F

resh

24-h ou r-old

heparin ized hum an blood h em o ly sis exp ressed in
plasm a hem oglobin m g .%
E x p . N o . 1— 2 hours; E x p . N o s . 2, 3 and 4— 1 hour
D ilu en t
concentration
20%

W hole b lo o d ........................
T H A M .................................
5 % glucose in water. . .
5 % glucose in 1 /4 normal
saline................................
Low-molecular-weight
dextran............................
M ann itol..............................

D iluent
concentration
10%

E xp.
N o. 1
2 hrs.

E xp.
No. 2
1 hr.

E xp.
N o. 3
1 hr.

E xp.
N o. 4
1 hr.

280
450
360

105
125
107

92
118
79

98
126
96

102

75

98

93
61

64
40

54
47

240
160

In Experiment No. 1. of 2-hour duration, the degree of
hemolysis was excessive. As a consequence, further experiments
were of 1-hour duration.

each experiment. In order to facilitate the
evaluation of the results, the amount of
plasma hemoglobin in each experiment in
which whole blood was used was taken as
a unit, and the degree of hemolysis with
each diluent was expressed as a percen
tage of this unit (Fig. 2).
Table III and Fig. 3 present the results
of four experiments conducted with 30day-old citrated human blood. In all of the
experiments with human blood, the results
were similar.
The addition of 5 % glucose in water
and 5% glucose in normal saline did not
significantly alter the degree of hemolysis,
compared with that obtained with whole
blood.
Addition of tris buffer produced a con
siderable increase in hemolysis.
Addition of mannitol and low-molecularweight dextran produced a marked de
crease in hemolysis. This decrease was
more marked with mannitol.
T A B L E III.— R

esults o f F o u r E x p e r im e n t s
w it h C i t r a t e d B a n k B l o o d

C

onducted

3 0 -d a y-old citrated bank blood hem olysis exp ressed in plasm a
hem oglobin m g .% p u m p r u n - - 1 hour
D iluent
concentration
20%

Diluent concentration 2 0 %

Whole blood. .
T H A M . ..

U

H

W hole b lo o d .......................
T H A M .................................
5 % glucose in w ater.........
5 % glucose in 1 /4 normal
saline................................
Low-molecular-weigh t
dextran............................
M ann itol.............................

D ilu en t
concentration
10%

E xp.
N o. 1

E xp .
N o . £'

E xp.
N o. 3

E xp.
N o. 4

324
540
372

290
420
310

308
487
282

266
458
260

344

286

288

247

228
168

194
172

205
146

174
168

The degree of hemolysis is higher than in experim ents utilizing fresh hepari ized human blood.
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F R E S H H U M A N BLOOD
DHuerA Concentration. 10%
DHuexvt Concern r a t ion. 2 0 %

■ WKole Blood
□ 5% Glucose in W a te r
□ Rtieomacrodex
□ TH A M
DID5% Glucose mM-N.Salxne
El M a n n ito l
Fig. 2.—In four experiments conducted with fresh heparinized human blood, the hemolysis
obtained with whole blood was taken as a unit; the hemolysis with each diluent is expressed as a
percentage of this unit.
Addition of tris buffer produced a considerable increase in hemolysis. This increase was ac
centuated when used in 20% concentration, that is, 20'! of the total volume of the perfusion appar
atus.
Five per cent glucose in water and in M-strength normal saline showed no significant difference
when compared with whole blood, slightly more hemolysis with 20% concentration and slightly less
with 10% concentration.
Low-molecular-weight dextran ( Rheomacrodex') showed a marked decrease in hemolysis with
20% concentration and a further decrease with 10% concentration.
Hemolysis was considerably reduced when mannitol was used as a diluent. This reduction
was slightly greater when used in a 10% concentration.

D isc u ssio n

We are aware that addition of diluents
produced a relative decrease in the hem
atocrit value, with dilution of plasma
hemoglobin. However, this decrease was
not corrected as it is in extracorporeal cir
culation; the level of plasma hemoglobin
is, in itself, the important factor.
The problem of sequestration of blood
in visceral capillaries during and after
total body perfusion has been analyzed re
cently by Litwak, Slonim and Gadboys.'1 7
These authors have pointed out the direct
relationship between the total amount of

homologous blood exchanged and seques
tration, and have suggested two methods
for decreasing its magnitude: (1) hemodilution, as a means of reducing the total
amount of blood exchanged while main
taining the same flow rate, and (2) return
to the pump-oxygenator of the maximum
possible amount of blood lost during the
procedure.
The latter procedure implies an increase
in hemolysis, since Osborn and his associ
ates8 have shown that during extracor
poreal circulation, most of the hemolysis
occurs in the coronary sinus suction sys
tem.

O ctober 1964
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BANK
DxVuervt GoTxceTvtraVion. 2 0 °/o
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BLOOD
Diluent C oncentration 10°7o

1T0 1601501400) 1 3 0 rvT* 1 2 0 0 iio £

lo o -

$

90-

O

80Qj
Ck 7 0 CO
rt-j 6 0 C
<b 5 0 t,
£
Oj 4 0 3020100-

■ I W hole Blood
□ 5°7o G lu cose in W ater
CD T H A M
ED 5% Glucose xn '/A- N. S a lin e

11 Bhfiomacrodex
CD M an n ito l

Fig. 3.—In four experiments conducted with citrated bank blood, the hemolysis with each
diluent is expressed as a percentage of the hemolysis encountered in the experiments with whole blood.
The results are consistent with those obtained with fresh heparinized human blood.
“Low-molecular-weight dextran.

In view of these findings, the use of
mannitol as a diluent appears to be indi
cated, not only to attempt to prevent renal
tubular damage by eliciting osmotic diure
sis, but also, as our results tend to indi
cate, as a means of achieving a significant
reduction in hemolysis.
The consistent decrease in hemolysis
achieved when low-molecular-weight dex
tran is used as a diluent appears to be a
further recommendation for the use of this
agent, in addition to its favourable effects
in the microcirculation.
Summary

The hemolysis which results from me
chanical trauma of a pump-oxygenator can

be influenced by the use of blood dilu
ents. An apparatus simulating extracor
poreal circulation was employed to deter
mine the effect of several diluents on the
degree of hemolysis.
The results of this investigation indicate
that a marked decrease in hemolysis is
achieved by the addition of either manni
tol or low-molecular-weight dextran. This
decrease is more marked with mannitol.
The addition of 5% glucose in water or in
'/4-strcngth normal saline does not signifi
cantly alter the degree of hemolysis. The
addition of tris buffer causes a definite in
crease in hemolysis.
The technical assistance of Mr. T. Walko is
gratefully acknowledged.
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R esu m e
On a propose, dans les techniques de circula
tion extra-corporeale, divers liquides comme rem-

ANATOMY FOR TH E ANESTHESIOLOGIST.
A Stereoscopic Atlas. William H. L. Dornette.
389 pp. Illust. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1963. $15.00.
The w ell-versed anesthetist must be a clinical
anatomist as well as a clinical physiologist and
pharmacologist. U ntil now he has not had
access to a textbook of anatomy designed spe
cifically to m eet his requirements. D ornette’s
attractive book has much to recommend it, but,
alas, does not quite fulfill this reviewer’s hopes.
For an anatom y textbook, courses and distri
bution of peripheral nerves and their relation
to other structures are not described with suf
ficient detail. T h e following, taken from page
43, is a pertinent example of the general lack
of essential detail: “the iris is a delicate washer
shaped structure located behind the cornea”.
Long an enthusiastic teacher of anesthe
siology, D r. D ornette had been particularly
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plagants ou comme diluants du sang. Ceci permet
evidemment de reduire la quantite de sang a
prelever des donneurs. L ’inconvenient que Ton
rencontre alors est un degre variable d’hemolyse.
Cette hemolyse est due en partie au traumatisme
mecanique du passage du sang dans l’appareil et
aussi aux diluants utilises. Les auteurs ont etudie
experimentalement ces divers facteurs. L ’appareillage utilise consistait en un reservoir d’oxygene
auquel le sang etait connecte; l’oxygenateur etait
du type a disque, tournant a 100 tours par mi
nute; la pompe etait du type DeBakey, ajustee a
un debit constant d’un litre par minute. La quan
tite de sang utilisee etait de 200 ml. Un point
de resistance, destine a provoquer un degre con
stant d’hemolyse mecanique, fut cree par 1’introduction dans le circuit dune canule arterielle de
1/16 de pouce de diametre. Les qualites de
sang employees furent: (1 ) du sang de chien
heparinise vieux de 24 heures; (2) du sang humain heparinise egalement vieux de 24 heures;
et (3) du sang humain citrate datant de 30 jours.
Les diluants essayes furent: (1) une solution 0.3
molaire de tampon tris (THAM); (2) une solution
de 5% de glucose dans 1’eau; (3) une solution de
glucose a 5% dans un solute physiologique dilue
au quart; (4 ) du dextran a 10% ( Rheomacrodex);
et finalement (5) une solution a 5% de mannitol.
Le degre d’hemolyse produit etait mesure par un
test a la benzidine. La temperature de 1’ensemble
etait soigneusement contnollee et maintenue a
20° C. Les resultats peuvent etre resumes comme
suit. Avec le sang de chien, une hemolyse totale
se produisit avec le tampon tris, ce qui n’arriva
pas avec le sang humain; pour cette raison,
l’emploi du sang de chien fut abandonne dans
les experiences ulterieures. Les produits qui
causent le moins de dommage sont par ordre: le
mannitol et le dextran, et il semble que le man
nitol soit capable de proteger les cellules san
guines. Le solute glucose ne montre aucune action
significative. Le tris augmente nettement l’hemolyse.

interested in the development of devices that
could aid in teaching. In this book, he employs
stereoscopy to give the reader three-dimen
sional illustrations. Considerable difficulty was
encountered by this reviewer and several other
volunteers before they could obtain a threedimensional view and it was felt that the
space devoted to the paired pictures would
have been better used for more two-dimen
sional pictures. On the other hand, the stereo
scopic device proved to be very effective for
those who found how to use it quickly.
Sections of the book, especially Chapters 2
and 10, contain excellent material on phar
macology, physiology and clinical anesthesio
logy which are of considerable practical value
but do not belong in a textbook of anatomy.
F or its fine anatomical pictures and for a
quick reference textbook, it does belong in
the anesthesiologist’s bookshelf.
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ET U D E EX PER IM EN T A LE D E L H YPO TH ERM IE PROFONDE A
L ’AIDE D E L ’ALCOOL IN TRAVEINEUX ET D E L ’A D REN A LIN E0
E M IL E BERTHO, M.D. F.R .C .S .[C ],t VISITACION D E ARANGUREN, M .D .J
et A LBER TO PEREZ Y PER EZ , M .D.,* C hicou tim i, Q ue.

L ’h y p o t h e r m ie moderee mise au point par

Bigelow, Callaghan, et Hopps1 a ete de
1950 a 1954 le precede de choix en chirurgie a coeur-ouvert. Mais Fexcitabilite du
myocarde entrainant la fibrillation ventriculaire limitait le temps intra-cardiaque.
Aussi cette technique quoique toujours
employee fut remplacee par la technique
d’oxygenation extra-corporelle en normothermie. En 1959 Drew et Anderson2 redonnaient a l’hypothermie profonde un re
gain de faveur. Toutefois les complications
diverses, en particulier cerebrales, de cette
methode lui font preferer aujourd’liui la
circulation extra-corporelle associee a l’hy
pothermie moderee. S’inspirant des travaux
de Bigelow3 sur l’emploi de l’alcool au
cours de Fhypothermie, nous avons entrepris une serie d’experiences. L ’alcool pro
tege le myocarde au cours de Fhypother
mie profonde et probablement d’autres
organes, tel le cerveau. L a mise au point
dune methode sure d’abaissement de la
temperature corporelle permettant un arret
circulatoire total, suffisamment prolonge
pour Fapplication de techniques chirurgicales cardiaques ou extra-cardiaques, est
de la plus grande importance. Le coeurpoumon artificiel, en depit de ses perfectionnements demeure un fardeau pour le
chirurgien. Actuellement, la temperature
peut etre abaissee a 18° ou 20°C. d’une
fa 9on pratiquement sure sans adjonction
de circulation extra-corporelle ou de
“Travail effectue dans le service de chirurgie
experimental^ de l’Hotel-Dieu St-Yallier de Chi
coutimi, Que.
Presente a la 33eme reunion annuelle du College
Royal des Medecins et Chirurgiens du Canada,
Quebec, janvier 1964.
tChef du service de chirurgie eardio-vasculaire
(experimentale et clinique), H6tel-Dieu St-Vallier
de Chicoutimi, Que.
fResidents dans le service de chirurgie cardiovasculaire.

chambre hyperbarique. Les experiences
preliminaires exposees ici ont ete faites en
vue d’eliminer Fobstacle de la fibrillation
ventriculaire en hypothermie profonde par
administrations intraveineuse d’alcool et
d’adrenaline. Ces experiences ont porte
avant tout sur le coeur, mais des informa
tions ont ete aussi obtenues sur les autres
systemes. Trois techniques d’hypothermie
profonde ont ete utilisees: (1) L ’hypother
mie a 1’aide de la circulation extra-corpo
relle. (2) L ’hypothermie a 1’aide du bain
glace. (3) L ’hypothermie a 1’aide de la
chambre froide.
M a t e r ie l e t M e t h o d es

Vingt-huit chiens batards en bonne sante
ont ete employes. Leur poids variait de 5
a 33 kg. (moyenne 17 kg.). Apres premedi
cation a la morphine-atropine, ils furent
anesthesies au pentho-barbital sodique (2.5
a 30 m g./kg. en moyenne). L e nembutal
intraveineux a la dose de 25 m g./kg. fut
utilise dans trois cas d’hypothermie de sur
face. Puis l’intubation endo-tracheale fut
pratiquee; la respiration fut assistee manuellement a l’oxygene pur sauf dans les
cas d’hypothermie en chambre froide ou
l’on employa un respirateur mecanique a
Fair comprime.
Le Tableau I resume les cas d’hypother
mie profonde, classes en cinq groupes.
Dans les trois premier groupes Fhypother
mie fut obtenue a l’aide de la circulation
extra-corporelle. Le cceur-poumon artifi
ciel utilise est une modification de l’appareil Dewall-Lillehei-Zudhi. Les echangeurs thermiques sont montres a la Fig. 1,
comprenant la spirale de Zudhi et la
chambre de demoussage ou circule l’eau
froide ou chaude. L e quatrieme groupe
correspond aux cas d’hypothermie par bain
glace et le cinquieme d’hypothermie par
chambre froide.
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TABLEAU I.— R e s u m e

V

d e s cin q g r o u p e s d ’ h y p o t h e r m ie

A dministration
intraveineuse

Temperature moyenne
en fibrillation
ventriculaire

Groupes

Methode

“P r iming volume”

1 (11)

Cceur poumon artificiel
Dewatl-Lillehei-Zudhi

Sang
(1000 a 2000 c.c.)

30° C.

2 ( 4)

Cceur poumon artificiel
Dewall-Lillehei-Zudhi

Solute glucose 5%
vs. Rhdomacrodex
(250 a 500 c.c.)

29° C.

3 ( 8)

Cieur poumon artificiel
Dewall-Lillehei-Zudhi

Soluti; glucose 5%
vs. Rheomacrodex
(250 a 500 c.c.)

4 ( 3)
5 ( 2)

Alcool ethylique
et adrenaline

18° C.

Bain glace

Alcool ethylique
et adrenaline

Pas de fibrillation

Chambre froide

Alcool ethylique
et adrenaline

Groupe 1
11 comprend 11 chiens ou l’hypothermie
a ete obtenue par circulation extra-corporelle. Le cceur-poumon artificiel a ete
amorce avec du sang d’un autre chien. Le
“priming volume” a varie de 1000 c.c. a
2000 c.c.
Groupe 2
Ce groupe est forme de quatre chiens.

Fig. I .—Echangeurs thermiques.

t

20° C.

L’hypothermie fut obtenue ici par hemodilution provoquee soit avec un solute de
glucose a 5% , soit avec un type special
de dextran (Rheomacrodex0). Le “priming
volume” varia entre 250 et 500 c.c.
Groupe 3
II comprend huit chiens. La methode
d’hemodilution fut egalement utilisee, soit
par solute glucose a 5% soit par le dextran
special. Le “priming volume” a egalement
varie de 250 c.c. a 500 c.c. Dans ce groupe
du glucose a 5% avec 15% d’alcool ethilique fut administre dans une patte anterieure avant rhypothermie. Chaque chien
reyut une dose empirique de 1.5 g. d’alcool
ethilique par kilogramme. Nous regrettons ici de ne pouvoir fournir l’alcoolemie.
D’autre part un solute glucose a 5% a etc
installe contenant de Fadrenaline. Cette
drogue fut injectee a la dose d’un y/kg./
min. quand la temperature atteignit 30° C.
La Fig. 2 montre la preparation de l’animal avant rhypothermie. Les temperatures
rectale, oesophagienne, cerebrale, tympanique et musculaire sont mesurees ainsi que
1’EEG et l’ECG. Une aiguille installee dans
le canal rachidien permet de mesurer la
pression ou de prelever du liquide cephalorachidien. La pression femorale est enregistree sur bande de papier a l’aide d’un
appareil Sanborn. Un catheter est installe
dans 1’uretre pour prelevement des urines.
“Pharmacia Laboratories, Inc., New York.
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Fig. 2.—Installation du chien avant l’hypothermie.

Pendant ce temps le coeur-pomnon artificiel est amorce avec du solute glucose a
5% a raison de 20 c.c./kg. ou du dextran
a raison de 12 c.c./kg. Quand l'un ou
l’autre de ces solutes n’atteint pas le mini
mum de 250 c.c. de “priming volume” ils
sont ajoutes l’un a l’autre. Le debit du
cceur-poumon artificiel est regie suivant la

charte de Gollan (Fig. 3) mais en etant
beaucoup plus genereux dans le debit que
Gollan. La temperature de l’eau circulant
dans la machine a trois compartiments de
Kimray” est la plus basse a — 5° C. et
— 12° C. et la plus elevee a 46° C.
“ Kiinray,
U.S.A.

Inc.,

Oklahoma

City

18,

Oklahoma,
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Groupe 4
II eomprend trois chiens. Une installa
tion semblable a celle du groupe 3 est
faite avant l’hypothermie. La temperature
intra-cardiaque est prise id grace a un
catheter place dans la veine jugulaire on
la veine femorale. Le chien est ensuite
plonge dans un bain d’eau glacee variant
de —5° C. a — 12° C. Cette temperature a
ete obtenue en mettant de l’alcool ethylique et du sel marin dans 1’eau. (L’alcool
ethylique est administre a la dose de 1.5
g./kg. avant l’hypothermie et l’adrenaline
a la dose de 1 Y/kg./min. quand la tempe
rature atteint 30° C.) Sous hypothermie par
bain glace deux chiens ont subi une thoracotomie a 20° C. pour installer un pace
maker destine a l’excitation directe du
myocarde pour abaisser la temperature.
Dans ces deux cas, le pace-maker n’a pas
pris le controle ventriculaire.
Groupe 5
11 eomprend deux chiens. Ces chiens
furent prepares comme ceux des groupes
3 et 4; ils furent places dans un refrigerateur construit par la “Gervett Refrigerator
Co. Buffalo, N.Y.”, utilise originellement
pour la conservation des cadavres. Grace a
un orifice dans le plafond, il est possible
de passer les tubes de perfusion contenant
l’alcool et l’adrenaline, les lignes de 1’ECG
et de l’EEG , les catheters pour la pression
arterielle et la temperature et enfin le
tube du respirateur artificiel. Cette tech
nique d’hypothermie profonde par chambre froide serait confortable pour le sujet
et le medecin, et nous parait la plus pra
tique. Cette methode serait sous la responsabilite de l’anesthesiste; le malade pourrait ainsi etre refroidi lentement pendant
la nuit et le chirurgien l’opererait tranquillement le matin suivant. II est connu
qu’un individu ayant ingurgite de fortes
doses d’alcool et tombant dans la neige la
nuit, se retrouve le plus souvent vivant le
matin, avec une temperature rectale ou
buccale parfois au-dessous de 60° F.; dans
le meme cas un sujet a jeun mourrait avant
d’atteindre cette temperature.

Vol. 7

R e su l t a t s

Groupe 1
Dans 10 des I I cas etudies la fibrillation
ventriculaire apparut lorsque la tempera
ture oesophagienne etait aux environs de
29° C. Dans un cas cependant, la fibrilla
tion ventriculaire n’est survenue qu’a
15° C. Ces experiences n’avaient pas pour
but d’etudier la tolerance du myocarde au
froid mais plus simplement d’obtenir de
basses temperatures avec survie de Fanimal. La temperature oesophagienne la plus
basse a ete de 10° C. avec une moyenne
de 14° C. Le temps de refroidissement a
varie de neuf a 39 minutes avec une mo
yenne de 19 minutes. L’arret circulatoire
fut realise chez 10 chiens entre 10 et 40
minutes avec une moyenne de 26 minutes.
La duree de la circulation extra-corporelle
a varie de 46 a 96 minutes (avec une
moyenne de 70 minutes), et la pression
arterielle au cours des perfusions de 45 a
100 mm. Hg. La defibrillation ventriculaire
a ete obtenue dans neuf cas dont une fois
spontanement, mais toujours aux environs
de 29° C. et 30° C. Dans les deux autres
cas, la defibrillation fut impossible.
Quatre cas furent facilement defibrilles
avec un seul choc de 1/10 de seconde a
60 volts. Dans les quatre autres cas, la
defibrillation a ete plus difficile et il fallut
employer tout l’arsenal de la reanimation
cardiaque et des chocs electriques de plus
en plus intenses et repetes. Trois chiens
ont survecu a 1’intervention a long terme,
soit 27% . Trois chiens sont morts sur la
table d’operation, soit 27% , Cinq chiens
sont mort dans les 24 heures, (y compris
une transplantation du coeur qui a survecu
24 heures 25 minutes) soit 46% . La mor
tality a done ete de 73% . Dans cinq cas,
la mort fut causee par hemorragie ou
oedeme aigu du poumon, dans un cas par
coma acidosique, dans un cas par incompatibilite sanguine et dans un cas par
erreur technique.
Groupe 2
C’est egalement un groupe de controle
pratique avec la methode d’hemodilution
a 1’aide du solute glucose a 5% ou du
dextran. Au cours de ces experiences la
fibrillation ventriculaire s’est toujours pro-
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duite autour de 27° a 28° C. (temperature
cesophagienne). La temperature la plus
basse a ete de 23° C. 11 n’y a pas eu d’arret
circulatoire. La pression arterielle au cours
de la perfusion a varie de 45 a 70 mm. Hg.
Dans les quatre cas (dont deux transplan
tations cardiaques), la defibrillation a ete
obtenue facilement avec un seul choc au
tour de 30° C. Le temps de circulation
extra-corporelle a varie de 38 a 134
minutes. Les deux cas de transplantation
cardiaque sont morts dans les heures suivantes. Un chien porteur dune valvule
aortique de Starr-Edwards est mort neuf
jours plus tard par obstruction de l’ostium
de Fartere coronaire gauche. Un cas de
greffe de l’aorte ascendante est mort d’hemorragie en cours d’operation. Les examens hematologiques et biochimiques
etaient sensiblement normaux.
Groupe 3
Dans ce groupe Fhypothermie a ete pratiquee a l’aide de la circulation extra-corpo
relle, Fhemodilution avec le glucose a 5%
a raison de 20 c.c. kg./min. ou le dextran
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a raison de 12 c.c./kg., l’aleool intraveineux et l’adrenaline. Les huit animaux de
ce groupe ont recu 1.5 g. d’alcool ethylique
a 95% dans un solute glucose a 5% par
voie intraveineuse avant Fhypothermie.
Quatre d’entre eux recu rent de l’adrenaline
a la dose de 1 Vkg./min. lorsque la tem
perature cesophagienne atteignit 30° C.
Dans six cas, Farret cardiaque par fibrilla
tion ventriculaire est survenue au-dessous
de 20° C. (temperature cesophagienne),
soit: deux cas a 17° C., deux cas a 18° C.,
un cas a 14° C. et un cas a 9° C. Dans
un autre cas, la fibrillation ventriculaire
est apparue a 22° C.; le massage cardiaque
simple a permis de retablir des battements
energiques jusqua 17° C. Dans le dernier
cas, le coeur s’est arrete des la mise en
route de la circulation extra-corporelle a
30° C. mais un seul choc electrique Fa
defibrille et les battements persisterent
jusqua 17° C. (Fig. 4). On peut done constater que le refroidissement est plus rapide chez les chiens qui recoivent de la drenaline (40 minutes en moyenne) que
chez ceux qui n’en reqoivent pas 52 minutes
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Fig. 5.—Defibrillation spontanee a la temperature cerebrale de 21 °C.

en moyenne). L a duree du refroidissement
a varie de 30 a 60 minutes. La temperature
la plus basse enregistree a ete de 9° C.
avec une moyenne de 11° C. (oesophage).
Le chien montre a la Fig. 5 a defibrille
spontanement a la temperature cerebrale
de 21° C. au debut du rechauffement.
Dans un cas le coeur a ete defibrille electriquement par un seul choc a la tempera
ture oesophagienne de 23° C. au debut du
rechauffement. Dans les autres cas, la de
fibrillation electrique a ete pratiquee aux
environs de 303 C. Un choc a suffi pour
faire repartir le cceur, qui a conserve un
bon tonus, et un aspect rose. Le debit de
la circulation extra-corporelle a oscille entre 60 et 100 c.c./kg./min. (moyenne de
80 c.c./kg./min.). La pression de perfusion
la plus basse a ete de 60 mm. Hg et la
plus haute de 110 mm. Hg, avec une mo
yenne de 75 mm. Hg; tandis que chez les
chiens non adrenalises, la pression moyen
ne a ete de 68 mm. Hg. La dur/e de la

circulation extra-corporelle a varie de 58 a
100 minutes (moyenne 82 minutes). La du
ree du rechauffement a ete sensiblement
la meme avec ou sans adrenaline. Trois
chiens ont survecu a l’intervention avec des
suites, operatoires excellentes. Un de ces
chiens est mort sept jours plus tard par
pyo-pneumothorax. La survie a done ete
de 37.5%. Trois chiens sont morts d’hemorragie dans les 24 heures post-operatoires. Le sang n’a jamais ete utilise au
cours de ces experiences et n’a jamais etc
remplace dans les suites post-operatoires.
Un chien est mort d’hemorragie cerebrale
causee par la trepanation et l’aiguille du
thermocouple. Un chien est mort de coma
diabetique, malgre le traitement, 48 heures
apres l’intervention.
Les examens hematologiques et biochimiques, avant et apres hypothermie ne
montrent pas de changements appreciables
dans les groupes 1 et 2. Toutefois le ma
gnesium est tres diminue dans le groupe 3.
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TABLEAU II.—E xamens biochimiques dans les diff ^ rents groupes
N o.

Na
K
Cl
Mg
H C O apH
pC 02
P endant
P endant
P endant
P endant
P en d a n t
Pendant
P en d a n t
A vant A pres A vant A p res A v a n t A pres A va n t
A p r ls Avant
A p res A vant
A pres A v a n t A p r ls

G ro u p e de co n tro le san s alcool

2

145

138 3 .8

4 .0 116

110 2 .2

G ro u p e en circu latio n ex tracorporelle avec s a n g ...............

9

140

130 3 .7

3 .5 109

101

G roupe en circu latio n ex tracorporelle avec alcool et
a d re n alin e .....................................

7

145 135 135 3 .9 4 .4 2 .9 I 10 109 109 2 .2 0 .4 5 1 .65 2 5 .0 2 2 .0 1 8 .0 7 .2

G ro u p e h y po therm ie de
surface b ain g la c e ....................

3

138 145 134 3 .1 3 .8 2 .6 108 104 104 2 .0

G roupe h y po therm ie en
ch am b re fro id e ..........................

1

150 130

3 .5 3 .0

26Q/

n \\H

13 .6

23 .2

1 6 .0

1.1

112.2

Les prelevements faits a la fin du refroidissement montrent une diminution a 0.45
mEq., (taux normal 2.2 mEq.) (Tableau
II). L’abaissement du taux de mg.-|—(- a
aussi ete observe au cours de l’hypothermie par bain glace. Au cours du rechauffement ce taux redevient normal. L’elecT Jwf.U.re 20cc

2 .7 23 .0

24 .4 2 5 .0
2 9 .0 1 2 .7

7 .3

7 .5

35

23

1 3 .0 7 .2 5 7 .2 4 7 .3

56

58

7 .2 3

Groupe 4

Un des trois chiens soumis au bain
glace a regu du nembutal intraveineux et
les deux autres du pentotal. La tempera
ture du bain a ete maintenue entre —5°
C. a —12° C. Ces trois chiens ont regu de

|2 jl

trocardiogramme montre un rythme sinu
sal a 60 a des temperatures jugulaires de
20° C. La pression systolique est a 100
mm. Hg a cette temperature (Fig. 6). Au
cours de ces hypothermies avec alcool
intraveineux un phenomene inusite est
apparu a une temperature d’environ 20°
C.: 1’exophtalmie des globes oculaires avec
mydriase totale (Fig. 7). A cette tempera
ture, la pression du liquide cephalorachidien est cependant basse. Nous
pensons etre ici en presence dune sor;e
de glaucome aigu du a l’alcool. Au cours
du rechauffement, les globes oculaires redeviennent rapidement normaux. Un chien
n’a pas presente d’exophtalmie; il avait re?u
une dose d’alcool plus faible, soit 1 g./kg.

l’alcool ethylique a raison de 1.5 g. dans
du solute glucose a 5%. L’adrenaline a ete
administree a la dose de 1 7/kg./min.

Fig- 7.—(a) Oeil du chien a la temperature de
25° C. et (b) oeil du chien a la temperature de
20° C.
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Fig. 8.—Hypothermie de surface par bain glace.

D’apres la duree de l’experience ces chiens
ont repu respectivement 3800 7 d’adrenaline pour un poids de 20 kg., 4750 7 d adre
naline pour un poids de 15 kg., 6300 7
pour un poids de 22 kg.
La duree du refroidissement a varie de
110 a 215 minutes. Les chiens ont ete re
tires du bain froid a la temperature jugulaire de 18° C„ 20° C et 19° C. A la sor
tie du bain glace, les temperatures
descendent encore dun degre et ceci
meme au debut du rechauffement. Ce reehauffement (Fig. 8) a ete commence avec
le matelas therm-o-rite, mais la tempera
ture ne s’elevant que de 1° C. par heure,
il a ete continue dans un bain d’eau
chaude. Avant ce bain, la pression arterielle etait de 100 mm. Hg, mais subitement
une fibrillation ventriculaire apparut. Une
thoracotomie permit de constater que le
cceur avait un bon tonus, le massage cardiaque fait remonter la pression arterielle
a 110 mm. Hg, et un choc electrique retablit les battements cardiaques. Apres la
fermeture de la thoracotomie le chien fut
plonge dans un bain d’eau chaude et les
diverses temperatures remonterent tres ra-

pidement et uniformement. La diurese fut
de 35 c.c./heure pendant toute l’experience,
l’aspect et 1’examen des urines etant normaux. Les examens de sang montrent une
hemoconcentration et une polyglobulie,
ainsi qu’une baisse du potassium et du
magnesium. L’hypertension des globes oculaires tres manifeste aux environs de 20°
C., disparait tres rapidement au cours du
rechauffement. Sur deux chiens on a ins
talls un pace-maker dans le but de prolonger lliypothermie; celui-ci n’a cependant jamais pris le controle des contrac
tions ventriculaires.

Groupe 5
Les deux chiens de ce groupe ont ete
places dans une chambre froide qui ne
presentait pas toutes les commodites souhaitable pour obtenir des resultats valables. Une fois fermee, la chambre ne
permet pas de controler directement l’animal; il en est de meme quant a divers
appareils tels que les tubes de respiration,
de perfusion, et l’enregistrement electrique.
Nous avons seulement obtenu un apercu
de la progression du refoidissement en am-
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Fig. 9.—Hypothermie par chambre froide.

biance froide, avec emploi d’alcool et
d’adrenaline (Fig. 9). La fibrillation ventriculaire est survenue a la temperature
de 20° C. (oesophage, jugulaire et rectum).
Les deux chiens ont re§u comme dans les
groupes precedents de l’alcool et de l’adrenaline. La pression arterielle et le pouls
se sont toujours maintenus normaux. L ’hypertension des globes oculaires est apparue, comme dans les cas precedents, a la
temperature de 20° C. II est frappant de
voir que les courbes des diverses tempera
tures sont pratiquement identiques (Fig 9).
D isc u ssio n

L ’hypothermie therapeutique provoque
des modifications biologiques en relation
avec plusieurs fonctions organiques, telles
qu’endocriniennes, enzymatiques, energetiques, cerebrales, biochimiques, hemodynamiques, etc.; beaucoup de ces faeteurs
echappent encore aujourd’hui a notre connaissance meme chez Findividu en normothermie. Pourtant, le clinicien, un peu a
1’encontre du physiologiste ou du chercheur
pur, a deja obtenu des resultats encourageants dans l’utilisation pratique de Fhypothermie. Depuis une dizaine d’annees la
circulation extracorporelle en normothermie avait detrone l’liypothermie moderee;
depuis ces techniques sont utilisees en as
sociation dans la plupart des centres de
chirurgie cardio-vasculaire. Toutefois cer

tains chirurgiens maitrisant les techniques
de corrections de nombreuses malforma
tions cardiaques a l’aide du coeur-poumon
artificiel ont deliberement abandonne l’etude de 1’hypothermie profonde. II faut
cependant admettre que le coeur-poumon
artificiel demeure une complication pour
le chirurgien, malgre l’entrainement cons
tant et progressif des techniciens et le
perfectionnement des appareils; la circula
tion extra-corporelle en normothermie, ou
associee a l’hypothermie moderee, est loin
d’etre toujours sans danger. Une circula
tion extra-corporelle durant plus de 150
minutes est certainement dangereuse.
L ’hypothermie profonde obtenue a l’aide
de moyens naturels ou meme pharmaceutiques offrirait une plus grande securite.
La decouverte de la ou des substances
hormonales qui provoquent l’hibemation
chez certain animaux tels la marmotte et
l’ours sera sans doute le progres de Favenir.
Neanmoins plusieurs auteurs tels que
Malmejac,4 Yonezawa et
Okamura,5
Meyne et al.G et Benichoux et al.7 ont ob
tenu des resultats interessants, tendant a
supprimer la barriere conventionnelle de
l’arret circulatoire par fibrillation ventriculaire en hypothermie aux environs de
28° C. Malmejac4 insiste sur l’hyperventilation et la perfusion a dose physiologique de Fadrenaline pour maintenir la
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fonction myocardique. Nous pouvons con
firmer les travaux de Malmejac sur
le dosage physiologique de l’adrenaline:
le chien en hypothermie a un comportement circulatoire normal. Malmejac a
utilise les memes doses d’adrenaline que
nous-memes.
L ’hypocapnee n’a pas ete systematiquement recherche dans ces experiences mais
dans deux observations, le p C 0 2 etait audessous de 25 mm. Hg, et dans trois autres
observations le p C 0 2 etait normal. Dans
une experience du Groupe 4, un chien a
presente une acidose respiratoire decompensee avec pH a 7.19 et p C 0 2 a 63 mm.
Hg des le commencement de 1’experience.
A la fin de l’hypothermie le pH etait a 7.1
et le pCO, a 92 mm. Hg. Cependant le
chien a eu un bon comportement hemodynamique et la defibrillation s’est faite aisement.
Yonezawa et Okamura5 favorisent l’anesthesie profonde au cours de I’hypothermie.
En 1961, ils avaient deja opere sous hypo
thermie de surface variant entre 26° C. et
17° C., 53 cardiopathies (15 communica
tions interventriculaires, 11 insuffisances
mitrales, trois tetralogies, quatre penta
logies, 14 communications inter-auriculaires, une stenose pulmonaire, un canal
auriculoventriculaire commun, une stenose
aortique) avec 42 survies en bonne sante.
Les arrets circulatoires avaient dure de 6 a
45 minutes. Meyne et al.e provoquent l’hypothermie profonde a l’aide de la chambre
hyperbarique. La description qu’ils donnent de la fibrillation ventriculaire a 20°
C. du tonus cardiaque et de la defibrilla
tion facile, est semblable a nos observa
tions en hypothermie au-dessous de 20° C.
avec alcool et adrenaline intraveineux.
L ’hyperkaliemie observee a trois atmos
pheres n’a pas ete dans nos experiences.
II semble que Benichoux et al.7 reussissent a corriger l’acidose extra-cellulaire et
intra-cellulaire avec le THAM. L ’acidose
intra-cellulaire est sans doute la plus importante a eviter au cours de 1’hypothermie
profonde pour retarder la fibrillation ven
triculaire. Dans nos observations le bicar
bonate de soude s’est avere satisfaisant; le
THAM sera essaye lors d’experiences ulterieures.

V o l.

7

Les observations preliminaires sur l’hy
pothermie profonde avec alcool intravei
neux montrent que 1’alcool a un effet protecteur sur le myocarde; ceci est en
opposition des conclusions de Degerli et
Webb.8
C o n c lu sio n s

L ’alcool ethylique a la dose de 1.5 g./kg.
permet d’obtenir d’une fagon constante la
conservation des battements cardiaques en
hypothermie au-dessous de 20° C. Le coeur
entre en fibrillation ventriculaire lorsque
la temperature descend au-dessous de 20°
C. a 17° C. Toutefois, chez un chien, le
coeur a continue a battre jusqu’a 9° C.
La defibrillation est toujours facile aux en
virons de 20° C. a 25° C. La temperature
cerebrale suit la temperature oesophagienne en hypothermie par circulation extracorporelle et est pratiquement la meme
que celle des cavites cardiaques en hypo
thermie de surface; c’est-a-dire qu’une
hypothermie a 20° C. permettrait un arret
circulatoire d’au moins 60 minutes sans
lesions cerebrales.9 L ’hypothermie pro
fonde de surface peut etre conduite de fa
gon sure au moyen de 1’alcool intraveineux
et facilitee par la perfusion continue d’adre
naline a la dose d’un 7/kg./min. au cours
du refroidissement et du rechauffement.
L ’hypothermie de surface en chambre
froide malgre sa lenteur apparait la plus
satisfaisante. Des techniques compliquees
et onereuses telles que le ccEur-poumon artificiel, la chambre hyperbarique ont ete
resolues. Une chambre de refroidissement
et de rechauffement pourrait etre realisee
a beaucoup moins de frais. En chirurgie
cardiaque, le temps operatoire serait
grandement facilite, les canulations eliminees et surtout les traumatismes sanguins et cellulaires evites.
Le mode d’action de l’alcool demeure
hypothetique, mais l’on peut supposer qu’il
a un effet cataboliseur sur la cellule myo
cardique a basse temperature. La chute du
taux du magnesium au cours de 1’hypothermie profonde reste a eclaircir, ainsi
que 1’hypertension des globes oculaires
sans hypertension du liquide cephalorachidien.
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Mademoiselle Jacqueline Gilbert infirmiere responsable du departement, et Monsieur Marcel
Bouchard et Monsieur Marc Buteau, techniciens,
ont ete d’un precieux secours au cours de ces
experiences. Les photos et les schemas ont ete
realises par Monsieur Gaetan Jeanrie, chef du
departement de photographie et d’art medical.
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In a dog experiment it has been found that in
all cases, ethyl alcohol at the dosage of 1.5 g./kg.
(empirically chosen) will maintain heart beats
during hypothermia below 20° C. to 17° C. In
one dog, however, the heart kept on beating until
9° C. Defibrillation is always easy around 20° C.
to 25° C. Cerebral temperature follows closely on
esophageal temperature in extracorporeal circula
tion hypothermia; it is almost identical to that
of the cardiac chambers in surface hypothermia.
This implies that a 20° C. hypothermia would
allow a circulatory arrest of at least 60 minutes
without giving rise to cerebral damage. Deep
surface hypothermia may be carried out safely
with the help of intravenous alcohol. It is facil
itated by the use of a continuous adrenaline drip
at the dosage of one 7 /kg./min. during the cool
ing and the rewarming periods. Surface hypo
thermia in refrigerated rooms, in spite of its
slowness, seems to be the most satisfactory method
of all. Considering that complicated and costly
techniques such as heart-lung apparatus and
hyperbaric oxygen chambers have been built and
are now accepted, there is no reason why a cool
ing and a rewarming room could not be devised
(at much lower cost) and commonly used in
hypothermia. Operating time in cardiac surgery
could be greatly shortened; cumbersome connec
tions and cannulas could be dispensed with; blood
and tissues could be spared damaging trauma.
The mechanism of action of alcohol still re
mains to be elucidated but it may be hypothesized
that ethanol exerts a catabolic effect on the myo
cardial cells at low temperatures. The drop in
blood magnesium, and also the intra-ocular hyper
tension without a corresponding rise in C SF pres
sure are as yet unexplained.
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HISTOCHEMICAL STUDIES OF THE FATE OF AUTOLOGOUS
DIGITAL FLEXOR TENDON GRAFTS IN THE CHICKEN
J. R. BIRCH, M.D., B .S c.(M ed .)* and W . K. LINDSAY, M.D., B .S c.(M ed .), M.S.,
F.R .C .S .[C ], F.A .C .S .,f T oronto

T h e histological events which take place in
the healing digital flexor tendon are still a
matter of controversy. Lindsay and McDougall1 concluded their article on the
fate of autologous digital flexor tendon
grafts with the following statement:
. .
Histological studies indicate that the graft
as a whole survives, and is reconstructed
by a process of repair—by an increase in
number of mature fibroblasts, a revascu
larization of the graft and a gradual recon
stitution or replacement of the original
collagen. At the sutured or injured ends,
however, union is accomplished by a pro
cess of ‘regeneration’: the collagen fibres
of the acellular tissue are lysed and the
spaces so formed are filled in with new
vascular fibrogenic tissue which later be
comes orientated and mature.”
The purpose of the present study was to
further clarify these healing processes by
the use of histochemical stains which dif
ferentiate between old and new collagenic
fibres.

M aterial

and

M ethod

The digital flexor mechanisms of 20
healthy adult hens were used for the rea
sons stated by Lindsay and Thomson.2 Pre
operative preparation was similar to that
which they described. Autologous, nonSutured, free profundus tendon grafts were
taken from the middle toe of each foot and
transferred to the middle toe of the oppo
site foot (Fig. 1). The graft and sheath
were minimally traumatized by this pro
cedure, except for the suture holes left in
the proximal end of the graft and the tear
ing of the vinculum longus. The chickens
“Surgical Research Fellow, The Research Insti
tute, The Hospital for Sick Children, Toronto,
t Assistant Professor of Surgery, University of Tor
onto; Associate Surgeon, The Hospital for Sick
Children; Research Associate (Honorary), The Re
search Institute, The Hospital for Sick Children,
Toronto.

were sacrificed eight weeks after operation,
because previous investigations2 had re
vealed that all types of healing were histo
logically demonstrable at this time. The
healing toes were opened immediately
after sacrifice and the tendon grafts were
examined grossly. The graft and tendon
stump were then removed, fixed in 10%
formalin, embedded in paraffin, and sec
tioned as shown in Fig. 2. The proximal
profundus stump was separately sectioned
when it had retracted away from the
graft.
The sections were stained with hema
toxylin and eosin, hematoxylin and peri
odic acid-Schiff (H and PAS), alcian blue,
toluidine blue, hematoxylin and eosin
azure (HEA), and pinacyanol erythrosinate
(PE). This communication will discuss only
the results of the H and PAS stain of the
proximal end of the graft and of the prox
imal stump. The results of alcian-blue
staining will not be discussed because it
gave similar results to the H and PASstained sections. The toluidine blue, HEA,
and PE material also will not be described
because these stains were not uniformly
successful. Only the longitudinal sections
of Zone 1 will be discussed because the
cross sections, although they yielded inter
esting information, were technically too
poor for photography, and the longitudinal
sections of Zone 4 added nothing to the
results of Zone 1.
R esults

and

D iscussion

Hematoxylin and periodic acid-Schiff
staining4 was found to be applicable to a
study of tendon repair, because it distin
guishes between old collagenic fibres
which stain light pink (PAS-negative), and
new collagenic fibres which stain purplishred (PAS-positive). This may be due to the
fact that the more mature and differenti
ated fibres contain fewer unbound glycols
available for the Schiff reaction.
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Fig. 2.—Method of sectioning postoperative pro
fundus tendon graft and stump material. Cross
sections were taken in Zones 2 and 3.

Fig. 1.—Autologous tendon graft operation. Only
the right foot is shown. A, B and C show a graft
being cut from it, and D and E show a graft from
the left foot being substituted. The same proce
dure is also carried out on the left foot.

A. Normal Tendon
Normal tendon stained with H and PAS

was found to have light pink collagenic
fibres5 and dark purplish-blue nuclei. The
cytoplasm of the fibroblasts was usually
indistinguishable, but sometimes stained a
bright PAS-positive. PAS-positive cyto
plasmic staining may indicate the cyto
plasmic storage of the precursors of
ground substance or cementing substance.6
The epitenon and endotenon stained bright
purplish-red. Fig. 3 shows a photomicro
graph of a longitudinal section of nor
mal tendon stained with H and PAS.
B. Incidental Findings
Fibrocartilage is normally found in digi-

«

Fig. 3.—Photomicrograph of normal tendon showing dark hematoxylin-stained nuclei
and (a) PAS-positive endotenon. The collagenic fibres are light.
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Fig. 4.—Fibrocartilage present in a tendon which has not been operated upon.

tal flexor tendons at points of excessive
stress and strain. In these zones of fibro
cartilage, chondrocytes are arranged in a
random fashion. Fibrocartilage of a slight
ly different appearance comprised a large
part of some specimens of the profundus
tendon in the digital sheath area. Fig. 4
shows such an area of fibrocartilage with

its long parallel rows of small dark nuclei
each surrounded by a halo of PAS-positive
material. Fibrocartilage is also found in the
profundus tendon after healing. Buck7 de
scribes fibrocartilage and bone formation
in the healing Achilles tendons of rats. It
is possible that zones of fibrocartilage,
which appear in areas where excessive

Fig. 5. (a) Vinculum, (b) sheath and (c) vascular peritendinous connective tissue in
corporated into the gap area.
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Fig. 6.—Junction between proximal stump (a)
and gap (b); only the epitenon (c) is fused with
the gap.

stress and strain does not occur or in areas
of tendon injury and repair, may be the
result of marginal nutrition. Marginal nu
trition, although it allows the fibroblast to
survive, may result in its conversion to a
less metabolically active cell-form, the
chondrocyte.
A gap was usually present between the
proximal profundus stump and the proxi
mal end of the graft. This gap area was
filled with young proliferating fibroblasts
and fine disoriented collagenic fibres.
Pieces of vinculum, sheath and peritendin
ous connective tissue rich in vessels and fat
cells were often found in the gap tissue
into which they had probably been incor
porated after collapsing into the gap area
(Fig. 5). Studies in chickens sacrificed
much later than eight weeks after opera
tion have revealed that these structures,
incorporated in the gap area, are gradual
ly invaded by capillaries and fibroblasts,
eventually lose their architectural distinc
tiveness and become part of the granula
tion tissue characteristic of the gap area.

457

Fig. 7.—Junction between gap (a) and graft (b).

The junction between the fibroblastic
connective tissue of the gap area and the
proximal profundus stump was character
ized by a distinct line of demarcation be
tween old tendon and new gap tissue. Epi
tenon was fused with the proliferating gap
tissue, but the fibre bundles of the stump
showed little union with the fine gap
fibres (Fig. 6).
The junction between the gap tissue and
the proximal end of the graft was not so
distinct (Fig. 7). Gap tissue and epitenon
merged as in the proximal stump-gap
junction, but in addition to this there
was invasion of proliferating gap tissue be
tween the collagenic fibre bundles. The
fibre bundles themselves were hypercellular and appeared to fuse with the fine gap
fibres.
C. Types of Repair
Tendon injury may be due either to di
rect trauma or to nutritional deficiency
as in the case of the free graft when
all vessels have been severed. The
histological events which were observed in
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Fig. 8.—Diagrammatic schemes of maintenance,
reconstitution and regeneration. Maintenance re
sembles normal tendon. Reconstitution is charac
terized by fine slightly PAS-positive fibres, vascu
lar and slightly thickened epitenon and endotenon,
and frequently by a change in the number of nu
clei. Regeneration is characterized by very fine
PAS-positive fibres, disrupted epitenal and endotenal patterns, and an increase in the number of
vessels and nuclei.

healing free tendon grafts have led us to
postulate that tendon may react to this
injury in any one or combination of three
different ways. We have called these re
sponses to injury “maintenance”, “recon
stitution” and “regeneration” (Fig. 8 ). By
analogy the tendon fibres may be com
pared with a factory and the fibroblasts
with its workmen. Maintenance is analog
ous to the repair of a damaged factory in
which the damage has been slight enough
to make it possible for the workmen al
ready present to complete the repair with
out reinforcements or new parts. Reconsti
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tution is analogous to the repair of a fac
tory in which some workmen have been
killed and some parts of the factory de
stroyed. It is therefore necessary to call
in some new workmen and to produce
some new parts. Regeneration is analog
ous to the repair of a factory which has
been so severely damaged that all the
workmen have been killed and the factory
destroyed. An entirely new group of work
men must be called in and the factory
must be totally rebuilt. The collagen fibrils
of tendon respond to injury in only two
ways: they either survive or degenerate.
In an area of maintenance, they all survive;
in an area of regeneration, they all degen
erate; and in an area of reconstitution,
some survive and some degenerate.
Maintenance may be defined as the re
pair of injured tendon by the fibroblasts
already present in that tendon, without the
invasion of new fibroblasts. This type of
repair is a response to very minimal injury
and is not demonstrable microscopically.
Tendon being “maintained” would appear
normal. Maintenance probably occurs in
the zones of normal appearance that bor
der zones of more obvious injury in the

Fig. 9.—Early stage of reconstitution in a tendon graft.

October 1964

AUTOLOGOUS TENDON GRAFTS

459

Fig. 10.—Later stage of reconstitution in a tendon graft, (a) Capillaries have invaded
the graft.

profundus stump. Maintenance may occa
sionally occur in the central part of the
graft, but in this location it is difficult to
distinguish from the early stages of recon
stitution.
Reconstitution may be defined as the
repair of injured tendon by the invasion of
new fibroblasts to augment the old surviv
ing fibroblasts, and by the deposition of
new collagenic fibrils or possibly cement

ing substance around old surviving colla
genic fibrils. An area which appears to be
undergoing early reconstitution is shown in
Fig. 9. Endotenon and parallel collagenic
fibre bundles are still present, but the
number of nuclei is reduced in some areas.
The collagenic fibres remain light pink
(PAS-negative), but there are PAS-positive
halos or streaks extending out from a few
of the nuclei. Fig. 10 shows a slightly later

Fig. 11.—Early stage of regeneration in a tendon graft, (a) Capillaries are already present.
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Fig. 12.—Later stage of regeneration in a tendon graft, (a) Capillaries are still present.

stage of reconstitution. Small blood vessels
have invaded the endotenon, which has
become slightly thickened. Epitenon,
which is not shown in Fig. 10, also became
thickened and vascular. The tendon fibres
have become slightly finer and more PASpositive, indicating that some of the old
fibrils have degenerated and that some
new fibrils have been deposited. There has
been a slight increase in the number of
cells in the fibre bundles owing to the in
vasion of young fibroblasts through adhe
sions and from the cut tendon ends. These
new fibroblasts are frequently rounder and
more fluffy than the dark flat nuclei of
surviving cells. As the reconstituted area
matured, its appearance gradually became
more like normal tendon. Its fibres became
thicker and less PAS-positive and its cells
more sparse. Reconstitution was most fre
quently seen in the central portion of a
minimally traumatized free graft. It also
occasionally occurred between the zones
of regeneration and maintenance in the
profundus stump.
Regeneration may be defined as the re
pair of injured tendon by the total replacerpent of its fibroblasts and fibres by invadiiig granulation tissue. An area of early
regeneration is shown in Fig. 11. Endotenal and epitenal architecture have been
lost. The elongated fibroblasts and dense
collagenic fibre bundles have completely
disappeared. Their place has been taken
by plump ovoid fibroblasts with PAS-nega

tive cytoplasm, and fine new PAS-positive
collagenic fibres nourished by a rich capil
lary network. Regeneration is preceded by
a defect such as the gap area or by com
plete tendon degeneration,8 which pro
gresses through a stage of swollen fibres
and decreased fibroblasts to eventual lysis.
Regeneration is the reaction to severe in
jury and is always found in the gap area
adhesions and usually at both ends of the
graft. A severely traumatized graft or
proximal stump may regenerate through
out. The regeneration tissue of the gap
area is continuous with the epitenon of
the stump and graft and occasionally ex
tends into the cut tendon ends between
the tendon bundles as already described
(Fig. 7).
The disorganized arrangement of regen
eration tissue changes to a parallel orienta
tion of fibres and fibroblasts as the tissue
matures (Fig. 12). The fibres gradually
thicken and the fibroblasts become elon
gated and less numerous. Epitenon regen
erates and sheath may reform.2 ,9 Capil
laries also decrease in number, and there
is an attempt to re-form endotenal com
partments. However, even in relatively
mature regeneration tissue, the reversal
toward normal is never complete and
the regenerated area remains less organ
ized and more vascular. Regeneration
was seen first in the region of the
gap and only later in the graft. However,
it was observed that even at eight weeks

O ctober 1964

461

AUTOLOGOUS TENDON GRAFTS

postoperatively, the regeneration tissue of
the graft appeared more differentiated and
mature than that of the gap. This was
probably due to the fact that in the gap
area, regenerating tissue first developed in
an unorganized fashion, while in the graft,
regenerating tissue was aided in orienta
tion by the remaining though degenerating
structure of the old tendon. The disori
ented new fibres of the gap were probably
broken down to be resynthesized in an
oriented fashion, but in the regenerating
tissue of the graft area no breakdown and
resynthesis were necessary since orienta
tion was already present.
Areas of maintenance, reconstitution,
and regeneration may intermingle with
each other, making it difficult to determine
which type of repair is taking place. Re
constitution may vary from almost com
plete maintenance to almost complete re
placement. As reconstituting and regener
ating tissues mature, they become more
alike and may eventually become indistin
guishable.
Lindsay and McDougall1 studied the
fate of the free digital flexor tendon graft
using standard hematoxylin and eosin
stains. Their findings have in the main
been confirmed by this study using histochemical methods.
Other methods of studying free tendon
graft healing have supported the findings
of Lindsay and McDougall1 and those of
this study. Fibroblasts involved in free ten
don graft healing were radioactively
tagged and were found to migrate from
the peritendinous tissues into the gap areas
and graft ends. They appeared to com
pletely replace these areas, with a result
ing complete change in graft architecture
(regeneration). The central portion of the
graft was invaded by very few new fibro
blasts and underwent very little change
(reconstitution).10 Newly formed collagen
has also been radioactively tagged in heal
ing free tendon grafts. Biochemical tendon
analysis revealed a heavy deposit of new
labelled collagen in the graft and stump
ends, and a scanty deposit in the central
graft area. These findings also suggest re
generation in the gap areas and graft ends,
and reconstitution in the graft centre.11

Su m m a r y

Digital flexor tendons appear to respond
to injury by maintenance, reconstitution,
or regeneration.
Maintenance, the response to very min
imal injury, is repair by fibroblasts already
in the injured area. Reconstitution, the re
sponse to moderate injury, is repair by in
vading fibroblasts and new collagenic fi
brils which augment the surviving cells
and fibrils. Regeneration, the response to
severe injury, is repair by complete re
placement of the old tendon elements by
new fibroblasts and fibres.
The authors wish to express their gratitude to
Dr. Sylvia H. Bensley, University o f Toronto, for
her guidance and assistance in the preparation of
this article.
This project was assisted by funds allocated by
the Province Of Ontario under the National
Health Program of the Department of National
Health and Welfare, Ottawa, Ont.
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R esum e
Le mode de guerison des tendons flechisseurs
des doigts est, du point de vue histologique, mal
connu. Les auteurs ont procede a une serie d’experiences en vue d’elucider ce probleme. Vingt
coqs adultes furent utilises; des greffons tendineux
furent preleves au niveau du doigt median d une
patte, puis transferes au meme niveau a la patte
opposee. On evita, aussi soigneusement que pos
sible de traumatiser le tendon ou sa gaine. Les
coqs furent sacrifies huit semaines plus tard; les
parties greffees furent examinees macroscopiquernent, puis prelevees, fixees dans une solution
de formol a 10%, incluses en paraffine et sectionees pour la microscopie. Ces coupes furent

LES SUTURES DE L ’AORTE THORACIQUE.
Etude clinique et experimentale. Fernand Lantin. Preface par F. d’AIlaines. 171 pp. Illust.
Editions Arscia S.A., Bruxelles, 1983. 350 FB.
$7.00 (approx.).

Cette publication arrive a point car elle apporte une solution scientifique et pratique a
un problem e devenu serieux depuis que les
chirurgiens cardiaques attaquent routinierement les lesions de valvule aortique.
L ’aortotomie de l’aorte ascendante, exigee
par les techniques de correction, se complique
trop souvent de formations anevrysmales au
niveau de la ligne de suture.
Pour prevenir ces difficultes, 1’auteur mentionne les principes de base de toute chirurgie
vasculaire. Cependant, il en ajoute un autre a
savoir la necessite de conserver l’integrite de
1’adventice. Le traumatisme et surtout la re
section de cette membrane tendent a eliminer
les vaso-vasorum qui sont les vaisseaux nourriciers de la paroi. Ceci invite a la necrose, a
la dehiscence de la suture et enfin a l’anevrysme. L’auteur demontre clairement par ses
travaux chez l’animal et des resultats cliniques
la grande superiorite d’une technique qui respecte scrupuleusement l’adventice.
Enfin au niveau de l’aorte ascendante,
l’auteur preconise l’aortotomie transversale de
preference a une aortotomie longitudinale en
raison d’une tension reduite sur les fils de
suture.
Notre experience corrobore pleinement les
conclusions du Docteur Lantin.
Bien que l’aorte ascendante ait ete le prin
cipal segment vasculaire etudie, ce travail interessera surement tout chirurgien vasculaire
ou cardique.
Ce livre est bien ordonne. Il est remarquable par sa clarte et sa precision. Tout milieu
chirurgical devrait en posseder un exemplaire.
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colorees a l’aide de differentes techniques, pour
comparaison. Ces experiences montrent que les
tendons repondent de diverses manieres au traumatisme. Selon les cas, on observe soit une simple
survie du tissu, ou bien une reconstitution ou en
core une regeneration complete. La survie simple
existe dans les cas oil le traumatisme a ete tres
leger; il s’agit d’une reparation effectuee par les
cellules conjonctives presentes. La reconstitution
s’observe dans les cas oil le tramatisme est d’importance moyenne; le region greffee est le siege
d’une invasion de cellules conjonctives venant
augmenter le nombre des cellules en place. La
regeneration vraie, reponse au traumatisme grave,
est un remplacement complet des cellules mortes
et des fibres collagenes par de nouveaux elements.

A PORTFOLIO OF CHEST RADIOGRAPHS.
For Undergraduate and Postgraduate Students.
B. T. Le Roux and T. C. Dodds. Foreword by
Andrew Logan. 367 pp. Illust. E. & S. Living
stone Ltd., Edinburgh and London; The Mac
millan Company of Canada Limited, Toronto,
1964. $10.75.

This is an excellent book. The reader is shown
a series of chest radiographs which have been
selected to illustrate “ the common radiograph
ic opacities” . In the 367 pages of the work,
there are 300 figures, many consisting of sev
eral separate reproductions. A brief text lucid
ly explains what should be seen in each illus
tration; and in addition presents in a few
words a wealth of clinical material. The pho
tographs are adequate for their purpose.
Part I o f the book deals with “ Radiograph
ic Anatomy” , Part II with “The Chest Wall,
Lungs and Pleura” , and Part III with “The
Mediastinum” .
The authors have succeeded in synthesizing
clinical, pathological, surgical and radiograph
ic findings into a well-proportioned presenta
tion, and the reader’s interest never flags. The
book will be of particular interest to post
graduate students of chest disease, but also to
any others who wish to look intelligently at
radiographs and not only the radiologist’s re
ports. In some ways it is a series of “proved
case” conferences, and is an innovation in the
textbook teaching of chest radiography. The
only point of strong disagreement concerns
the value of bronchography in the diagnosis
of bronchial carcinoma; the reviewer has
found that bronchography is sometimes the
only means, short of tissue resection, of dis
closing bronchial obstruction in early ques
tionable cases. One can feel no hesitation in
recommending this book to all who would be
com e familiar with the common radiographic
opacities o f the chest.
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EXPERIMENTAL ANASTOMOSIS OF THE LEFT INTERNAL
MAMMARY ARTERY TO THE D IV ID E D CIRCUMFLEX CORONARY
ARTERY USING THE NRC-VOGELFANGER STAPLING D E V IC E 0
S. E. CARROLL, B.A., M .D.
T h e Mark-4 model of the stapling device,
designed and built by the National Re
search Council upon the suggestion of Dr.
I. J. Vogelfanger, will suture end-to-end
anastomoses of vessels from 2 mm. to 5
mm. in external diameter.17,10 Anastomosis
of the rabbit’s abdominal aorta with this
instrument compared with manual suture
has been demonstrated to have a shorter

F.R.C.S.[C],t London, Ont.

occlusion time, a higher patency rate and a
lower mortality rate. Coronary artery ana
stomosis was undertaken in this laboratory
in order to provide a crucial test of this
method of vascular anastomosis.
This apparatus was used to accomplish
end-to-end anastomosis of the left internal
mammary artery to the divided circumflex
branch of the left coronary artery in the

Fig. 1.—Diagram of experimental procedure; viewed from the left side with the anastomosis inset.

“ From the Departments of Surgery and Physiol
ogy, University of Western Ontario, and W est
minster D.V.A. Hospital, London, Ont.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Quebec, January 1964.
This research was supported by the Ontario Heart
Foundation.
flnstructor in Surgery, University of Western O n
tario; Fellow of the Ontario Heart Foundation;
Cardiovascular Surgeon, Westminster D.V.A. Hos
pital, London, Ont.

dog (Fig. 1). Circumflex ligation at this
level is lethal in about 50% anesthetized
dogs and in about 90 % of conscious
dogs.12,18 Temporary occlusion beyond two
minutes carries a high risk of ventricular
fibrillation.5,9 Comparable
procedures,
using various techniques, have been associ
ated with a mortality rate o f about 50% ,
although Hall, Khouri and Gregg9 achieved
a considerably lower figure-6'8, u >13 The
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Fig. 2.—The NRC-Vogelfanger stapling device dissembled with hemostatic clamps. The “anvil”
bushing is above, the “driver” bushing below. The locking and driving devices are incorporated in
the handle of the “driver” bushing. These hemostatic clamps were not used in this experiment.

clinical application of this procedure will
be discussed later in this communication.
M a t e r ia l a n d M ethods

Mongrel dogs were anesthetized with
pentobarbital, intubated and ventilated
with room air. In order to obtain vessels at
least 2 mm. in external diameter, dogs
weighing at least 11 kg. were required.
Under surgically clean conditions, the left
pleural space was opened through the bed
of the fourth rib. The left internal mam
mary artery was mobilized from its origin
to the fifth rib. The pericardium was
opened anterior to the phrenic nerve and
the left atrial appendage was retracted.
Dissection of the proximal 2 cm. of the
circumflex branch usually required sacri
fice of one atrial and one small ventricular
branch. The internal mammary artery was
occluded, ligated distally and divided. The
“driver” bushing (Fig. 2) was applied proximally with the end everted over the
staples. The following steps were then

taken in fairly rapid sequence. The cir
cumflex branch was ligated close to its
origin and divided. The distal end of this
vessel was everted over the “anvil” bush
ing. Both open ends were irrigated with
heparinized saline and then united by lock
ing the handles of the instrument. At this
point, the hemostatic clamps were released
and flow was restored. This minor altera
tion in the original procedure,17' 19 in which
the staples were driven and the bushings
removed before restoration of flow, mini
mized the time of coronary occlusion. Light
pressure with dry gauze supplemented
hemostasis. Fifteen experimental animals
were compared with 14 control animals in
which the circumflex branch had been li
gated at the same level under anesthesia.
Mortality rates were compared with a
second control group undergoing acute
coronary occlusion without anesthesia, 24
hours after a tie had been placed loosely
around the circumflex coronary artery.12
The size of the anastomosis was mea
sured by comparing the external diameter
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Fig. 4.—A postmortem angiogram. There is
slight constriction at the anastomosis, marked by
the staples. The contrast medium penetrates into
the myocardium and fills the anterior descending
artery.

R esu lts

Fig. 3.—A vinyl cast. The circumflex system
has filled through the internal mammary artery.
This cast was prepared by Dr. D. Busby.

of the internal mammary artery to sizing
rods, thus determining the bushing to be
used. The duration of vascular occlusion
was noted. Lead II of the electrocardio
gram was recorded before and after cir
cumflex ligation. Mortality rates were as
sessed upon the basis of 24-hour survival.
Patency of the anastomosis was determined
by cineangiography in four living animals,
by vinyl casting in three sacrificed animals
(Fig. 3) and by postmortem angiograms in
three animals (Fig. 4 ). Gross and histolog
ical sections of the anastomoses and the
myocardium were examined by an inde
pendent observer (Fig. 5). The position of
the ligature was measured from the bifur
cation of the left coronary artery using
calipers. All of the dogs used for this ex
periment were included except one animal
in which the procedure was carried out for
production of a coloured cine film

There were 10 male dogs in the stapled
group and three in the control group. The
mean weight was 20 kg. in the stapled
group and 11 kg. in the control group.
These differences were not considered sig
nificant.
The sizes of these vessels are listed in
Table I. Thrombosis was more frequent
in the smaller vessels. Technical difficulties
led to prolonged periods of interruption of
coronary perfusion in two dogs with 2.0
mm. vessels, resulting in ventricular fibril
lation.
T A B L E I.— S ize

External diameter in mm.
2 . 0 ........................................
2 . 5 ........................................
3 . 0 ........................................
3 . 5 ........................................

of

A nastomoses

Number of
Patent
dogs
anastomosis
4
5
5
1

1*
4
4f
1

Mean external diameter = 2 .7 mm.
Patency rate = 10/13 (77% ).
■“Ventricular fibrillation occurred during two
procedures and patency could not be assessed. One
dog died about 20 hours later with thrombosis of the
anastomosis and myocardial infarction. The fourth
dog survived one month with a patent vessel, yet
had a myocardial infarction.
fOne dog had a patent vessel but with m y o
cardial infarction.
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Fig. 5.—Infarction of the posterior wail of the left ventricle in cross-section. This extensive
infarct occurred although the anastomosis remained patent.

In the stapled group, the ligatures were
1.5 to 8 mm. from the bifurcation of the
left coronary artery, with a mean distance
of 4.4 mm. For the control series, the range
was 1 to 5 mm., with a mean distance of
3.1 mm. This difference was not signifi
cant (P > .05).
Lead II of the electrocardiogram was
recorded as in Fig. 6. Typical changes
consisted of deepening of the Q-waves,

elevation of the S-T segment and later in
version of the T-wave, signifying ischemic
changes. Two dogs in the stapled group,
both presenting technical problems that
necessitated prolonged coronary artery
occlusion, developed ventricular fibrilla
tion.
The electrocardiographic (ECG) findings
were less marked and tended to revert to
wards normal in the stapled dogs, except

Lead 2 * 2 0
BEFORE

EARLY OCCLUSION

LATE OCCLUSION

IT AFTER OCCLUSION

24 HOURS LATER

Fig. 6.—Electrocardiographic changes (Lead II) before occlusion of the circumflex branch of
the coronary artery in the dog, during early occlusion, during late occlusion, 11 hours and 24 hours
after occlusion.
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in three that had infarcts. Ligation under
anesthesia produced more marked and per
manent ECG changes; seven of 14 dogs
developed ventricular fibrillation. Defibril
lation was not attempted in either group.
The 24-hour mortality rates shown in
Table II paralleled the one-hour mortality
TAB LE II. — 2 4 -H o u r M o r t a l it y R a t e s
Stapled group.....................................
Control group with anesthesia........
Control group without anesthesia..

4/15 = 2 7 %
8/14 = 57%
12/13 = 92%

These figures were compared by the chi-square
test with Yates’ modification.10, 14 The mortality
rate in the stapled group is significantly lower than
in the control group having ligation without anes
thesia (chi-square = 6.96), but not significantly
different from the control group having ligation
under anesthesia (chi-square = 2.99).

rates. There was no statistical difference14
between the dogs with coronary artery
stapling and those with ligation under an
esthesia. Ligation of the circumflex artery
at the same level, carried out without
anesthesia 24 hours after the chest had
been opened, had a significantly greater
mortality rate. As detailed in the footnote
to Table I, three deaths occurred in the
group with the smallest (2 mm.) ana
stomoses. These deaths were associated
with prolonged interruption of coronary
artery flow owing to technical problems.
There were four late deaths, two due to
atelectasis and pneumonia. Three dogs
were maintained for long-term survival —
one, that had a myocardial infarct, was
sacrificed at four weeks; the second, at
six weeks; and the third, that had a normal
myocardium, at three months. All three
had patent vessels.
Patency of the anastomosis was assessed
in 13 dogs that survived for more than one
hour. Nine were patent (69%).
Myocardial infarction occurred in six
out of 13 dogs (Fig. 5) that underwent
stapling and survived one hour. The anas
tomosis was thrombosed in four of these
animals, yet in two of them the anastomosis
was patent. O f seven control dogs that
survived one hour, three had myocardial
infarcts.
D iscussion

The observed mortality rates for the two
control groups undergoing acute occlusion
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of the proximal circumflex coronary artery,
with and without anesthesia, are repre
sentative of those in the literature.7- 12- 18
The relatively low mortality rate in the
stapled group, significantly lower than
acute ligation in conscious dogs by chisquare analysis, also compares favourably
with mortality rates quoted for coronary
anastomosis by various techniques.7, 9- 20
Measures which improve the chance of
survival after experimental coronary occlu
sion, such as oxygen inhalation, hypother
mia and quinidine administration, might
improve these results. The use of heparin
and antibiotics and closer postoperative
pulmonary supervision might also lower
the mortality rate.
Hall, Khouri and Gregg0 noted that the
incidence of ventricular fibrillation in
creased when the coronary circulation was
interrupted for more than 150 seconds.21
In these experiments both dogs that de
veloped ventricular fibrillation had inter
ruption of coronary blood flow for more
than two minutes. Three dogs with subse
quent myocardial infarction also had in
terruption of coronary flow for more than
two
minutes.
The
NRC-Vogelfanger
stapler made it possible to complete an
anastomosis within this time limit in seven
out of 12 experiments in which the occlu
sion time was recorded.
The tendency for small vessels to throm
bose at the site of anastomosis is well
known.20 It is apparent from Table I that
prolonged occlusion, early ventricular fi
brillation and later thrombosis were more
common in animals in which anastomosis
of the smallest vessels was carried out. As
the series progressed, only larger dogs were
used for the stapling procedure. Regional
or systemic administration o f heparin or
fibrinolysin might improve these results.
The observation that some of these small
vessels remained patent demonstrated the
value of this mechanical device.
Three considerations limit the clinical
application of this procedure. As previous
ly observed by Murray
myocardial
infarction may occur although the coron
ary artery anastomosis remains patent (Fig.
5). Atherosclerotic lesions of the coronary
arteries in man are frequently multiple and
widespread, so that probably less than

et al.,1B

10% of patients with angina pectoris are
suitable for any form of direct arterial
surgery.2, 4 Eversion of the ends of the ves
sels is required for this method and this
maneuver may be impossible in many
arteriosclerotic arteries.
Su m m a r y

The NRC-Vogelfanger stapling device
facilitated end-to-end anastomosis of the
left internal mammary artery to the di
vided circumflex of the left coronary artery
in 15 dogs. A slight modification of the
original technique allowed minimal occlu
sion time.
Although this procedure is technically
feasible, the incidence of myocardial in
farction remains appreciable. Application
to direct coronary artery surgery is ex
pected to be restricted, although it may
prove suitable for the treatment of an
anomalous coronary artery arising from
the pulmonary trunk.
The author wishes to express his appreciation
to the follow ing persons: Mr. S. H. G. Connock,
Section Head, Division of Mechanical Engineering
at the National Research Laboratories, for co
operation and assistance; Dr. J. C. Paterson, D i
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pital, London, for review of the pathological
material; Dr. G. C. Copestake, Head of the D e
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R esum e
Cet article decrit les resultats d’experimentations faites sur le chien en vue d’etablir une
anastomose entre l’artere mammaire interne
gauche et la branche circonflexe de l’artere coronaire gauche. On sait classiquement que la ligature
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de la circonflexe a ce niveau est mortelle dans 50%
des cas chez le chien sous anesthesie, et dans
90% des cas chez les chiens a Tetat conscient.
L occlusion temporaire de cette meme artere audela de deux minutes entraine presque infailliblement la fibrillation ventriculaire. Ici, les chiens
furent anesthesies au pentobarbital et intubes. La
voie d’acces etait une thoracotomie au niveau de
la quatrieme c6te gauche; l’artere mammaire in
terne gauche etait dissequee depuis son origine
jusqu’a la hauteur de la cinquieme cote; le pericarde etait alors ouvert en avant du nerf phrenique, et la branche circonflexe de l’artere coronaire etait soigneusement preparee sur une lon
gueur de 2 cm. L’artere mammaire interne etait
ligaturee distalement, puis sectionee. Tout ceci

SCHAUTA-AMREICH’S RADICAL VAGINAL
OPERATION OF CANCER OF THE CER
VIX. Modified by Hans Hogler, with a Fore
word by Julius Amreich. 86 pp. Illust. Charles
C Thomas, Springfield, 111.; the Ryerson Press,
Toronto, 1963. $7.75.

The effective treatment of carcinoma of the
cervix has always been a complex problem.
In this modern era, with improvements in
surgical techniques and anesthesia and with
a better understanding of physiology, the rad
ical surgical approach to the treatment of
cervical carcinoma has again regained its
rightful place as part of the armamentarium
of the cancer therapist.
There is no doubt that the well-trained
gynecological surgeon who must face these
problems must also be prepared to use a’l
available approaches for the effective treat
ment of carcinoma of the cervix, whether it
be radiotherapy or the radical abdominal or
vaginal operations. The radical vaginal opera
tion, which has enjoyed long-standing popu
larity in Europe, is now gaining recognition in
North America as an important technique for
the treatment of cervical carcinoma.
Dr. Hans Hogler describes well his modifi
cation of the radical vaginal operation. The
operative technique is well illustrated by com
prehensive diagrams. The particular value of
this book lies in Dr. Hogler’s excellent demon
stration of an easy and safe procedure for
dissecting the ureters by using preoperative
cystoscopy for orientation. With this orienta
tion in mind, he describes the paracervical
sites of the ureters and the surgical approach
to the safe dissection of these structures in
their abnormal medial site, or their medial or
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etant pret, on procedait alors rapidement aux
temps suivants; ligature de l’artere circonflexe a
son origine, puis anastomose de la mammaire in
terne et de la circonflexe; cette anastomose etait
effectuee grace a l’agrafeuse construite par le
Conseil National de la Recherche. Un groupe de
15 chiens fut ainsi opere; un second groupe de 14
animaux, servant de temoins, fut opere de la
meme fagon, mais ne subit aucune anastomose.
La mortality fut, apres 24 heures, de 27% dans
le premier groupe et de 57% dans le second. La
frequence des infarctus graves demeure done relativement elevee, et il est douteux que cette inter
vention se justifie en clinique humaine, excepte
peut-etre dans les cas d’anomalie congenitale ou
l’artere coronaire nait du tronc pulmonaire.

lateral sites. This feature of the operative tech
nique completes the procedures which have
also been described by Navratil and van
Bouwdijk Bastianse.
Dr. Hogler also treats of the complications
which occur during the handling of the card
inal ligaments and stresses that “proper selec
tion for operation should ensure avoidance of
exaggerated radicality” and further that “the
art probably consists in the right proportion
between feasible radicality and unnecessary
risk”.
Although these modifications are the major
contribution of this book, Dr. Hogler supports
the impressions of the other above-mentioned
authors, stresses the advantages of this
procedure over the abdominal approach and
describes his indications with the advantages
which this entails. One should note, however,
that his survival rate, when this vaginal ap
proach is used for stage III invasive carci
noma, is not good, and many authors may
question the usefulness of the vaginal
operation when the disease is so extensive.
All have been quick to recognize the weak
ness of the operation, namely the inability to
remove the lymph nodes, and this is particu
larly applicable with the more advanced stages
of the disease. The radical vaginal hysterec
tomy and extraperitoneal lymphadenectomy
advocated by Mitra seem to have little ad
vantage over the radical abdominal hysterec
tomy.
It would seem, however, that everv sur
geon should have a working knowledge of
this operation and of its modifications pro
posed by Hogler, since at times it would
seem to offer significant advantages.
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EDITORIAL
TH E RETAINED B IL E DUCT STONE—A ROLE FO R
CHOLEDOCHODUODENOSTOMY
O n occasion, the most careful and experi
enced surgeon will unwittingly leave a
stone in the common bile duct. Operative
cholangiography and refinements in opera
tive technique have reduced the incidence
of retained stone but have not solved the
problem. It seems unwise to subject all
patients who require cholecystectomy to a
procedure which could increase the risk
for all, at the price of avoiding this com
plication in the few. However, an effective
procedure which would avoid the effects
of this complication would be of consid
erable interest if it could be added safely
to the standard procedures used in those
patients known to be most likely to har
bour a missed stone.
Complete clearance of stones is diffi
cult from a dilated common bile duct
which contains multiple stones and “bili
ary mud”, whether it is encountered dur
ing the primary operation or at re-explora
tion. The undetected stone may also be
hidden, either in the hepatic radicals or at
the ampulla. In these circumstances addi
tional drainage to the duct can be provided
by external choledochoduodenostomy or
by sphincteroplasty. Although sphinctero
plasty may allow the subsequent passage
of small stones, it will not ensure the pas
sage of stones of the size usually encoun
tered at secondary operations. Transduodenal exploration of the duct and
sphincteroplasty have been reserved in
most instances for use in those cases in
which contrast medium or a probe do not
pass readily into the duodenum, or when
a filling defect at the ampulla is suggested
by operative cholangiography.
Although Riedel described the pro
cedure of choledochoduodenostomy over
70 years ago, it has had variable popular
ity and has not been widely utilized. This
may be due to the misconception that fol
lowing this operation the ducts would be
vulnerable to infection because of the
presence of an anastomosis to the duo
denum, which is not guarded by a sphinc
ter. However, the passage of duodenal con
tents into the bile ducts, whether through

a choledochoduodenostomy or a sphincter
oplasty, will not produce cholangitis. Here,
as elsewhere in the body, the essential fac
tor is the adequacy of drainage. If the
opening is properly placed and of sufficient
size to ensure drainage, infection will not
occur. Also the operation is said to be diffi
cult and to predispose to the development
of a biliary fistula. However, neither of
these fears is justified if the proper indica
tions for the operation are observed. Finsterer,1 Sanders,2 Capper3 and others with
large series of cases have all been favour
ably impressed with its value.
Largely due to the advocacy of Profes
sor Robert Janes, choledochoduodenos
tomy has been accepted at the Toronto
General Hospital as a safe and effective
operation. It has been reserved for those
cases in which the common bile duct is
dilated and contains multiple stones and
“biliary mud”, whether at the primary or
secondary operation. It is especially indi
cated in the elderly or debilitated patient.
The technique used is that of Finsterer
and need not be described in detail. A
prerequisite of the operation is a dilated
duct, and an essential factor in its success
is a stoma of at least 2.5 cm. in length,
placed in the lowest accessible portion of
the duct. The duodenum should be mo
bilized sufficiently to avoid tension at the
anastomosis. Continued patency of the
opening can be demonstrated radiologically, and the patient can be expected to
remain free of biliary complications. In
the experience at this institution, addi
tional operations have not been required
when choledochoduodenostomy has been
used as an adjuvant to the exploration of
the common bile duct. Choledochoduo
denostomy, an effective and relatively
simple operation, is worthy of more fre
quent consideration.
J ohn A. P a l m e r
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The Royal College o f Physicians
a n d Surgeons o f Canada

NEWSLETTER
1. REGIONAL M EETIN G -VA N CO U V ER
Fellows and Certificated Specialists are re
minded that the 1964 Regional Meeting of the
College is being held at the Rayshore Inn,
Vancouver, on Friday and Saturday, October
23 and 24 (registration on Thursday evening,
October 22).
Programs for this meeting have already
been mailed to all Fellows and Certificated
Specialists in British Columbia and Alberta.
Fellows and Certificants from other parts of
Canada will be welcomed and may obtain a
copy of the program by writing to: Dr. A. D.
McKenzie, Chairman, Committee on Arrange
ments, Department of Surgery, Faculty of
Medicine, Vancouver General Hospital, Van
couver, B.C.
2. TH E 1965 ANNUAL M EETIN G
The 1965 Annual Meeting of the College
will be held at the Royal York Hotel, Toronto,
January 21, 22 and 23.
Plans for the scientific program of the meet
ing are already well advanced and promise
continued maintenance of the high standard of
recent College meetings. The program will
feature the following outstanding guest lectur
ers:
The Royal College Lecturer in Medicine:
Dr. William B. Castle, Francis Weld Peabody
Professor of Medicine, Harvard University,
Boston, Massachusetts. Title: “Polycythemias”.
The Royal College Lecturer in Surgery: Dr.
Joseph E. Murray, Peter Bent Brigham Hos
pital, Boston, Massachusetts. Title: “Organ
Transplants: a Type of Reconstructive Surgery”.
The Royal College Lecturer in Obstetrics:
Sir John Peel, K.C.V.O., F.R.C.S., Professor
of Obstetrics and Gynaecology, Kings College
Hospital, London, England. (Title to be an
nounced.)
For the past several years the Friday and
Saturday morning combined sessions have fea
tured symposium-type presentations of wide
interest and drawing essentially on the person
nel and resources of the local medical school
and teaching hospitals. These will be con
tinued in 1965. The surgical symposium will
deal with “Diseases of the Esophagus” and
will be chaired by Dr. F. G. Kergin. Dr. K.
J. R. Wightman will chair the medical sym

posium on the subject of “'Curable Hyperten
sion”.
Through the courtesy of Smith Kline &
French Inter-American Corporation, closedcircuit colour television, which proved so suc
cessful and popular at the 1963 meeting in
Edmonton but was not possible because of
space limitations at the 1964 meeting, will
again be a feature of the Toronto meeting. A
Television Committee, under the chairman
ship of Dr. James Key, has been at work for
several months on the meticulous planning
necessary to ensure the success of this aspect
of the program. The following subjects will be
dealt with in the television programs: “The
Respiratory Unit”; Chairman— Dr. C. C. Gray.
“Chromosomes and Disease”; Chairman — Dr.
W. B. Spaulding. “Endocrinological Problems
in Obstetrics and Gynecology”; Chairman —
Dr. Joslyn Rogers. “Vagotomy and Pyloro
plasty”; Chairman—Dr. Bruce Tovee. “Cardiac
Pacemaking”; Chairman—Dr. Donald Wilson.
The Committee on Arrangements is con
scious of the advantages inherent in the multi
disciplinary make-up of the College and is
anxious that the Annual Meeting should at
tempt to attract the interest and active partici
pation of as many as possible in the various
specialties. To this end a special effort has
been made this year to encourage the submis
sion of papers from the neurology and neuro
surgical group to permit a sectional session
of broad general interest on problems in these
areas. Depending on the success of this at
tempt, similar efforts may be made in other
specialty areas for future meetings.
3. INVITATION TO C ER TIFIC A TED SPE
CIA LISTS OF TH E CO LLEG E TO
ATTEN D TH E 1965 ANNUAL M E E T 
ING
Once again the Council of the College
wishes to extend a cordial invitation to all
Certificated Specialists of the College to at
tend the Annual Meeting and to participate
fully in the scientific sessions. Those desiring
to attend are asked to complete and return
the registration application form opposite as
soon as possible. A copy of the program will
be sent about mid-December to all those who
have registered in advance.
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The Secretary,
The Royal College o f Physicians and Surgeons of Canada,
74 Stanley Avenue,
Ottawa 2, Ontario.
I desire to register to attend the Scientific Sessions of the Annual M eeting o f
The Royal College of Physicians and Surgeons o f Canada to be held at the Royal York
Hotel, Toronto, January 21, 22 and 23, 1965.
Enclosed is a cheque/m oney order in the amount of $15.00 in payment o f the
registration fee.
Name of Certificant ... ....................................................................................................
Address ..............................................................................................

Name of Specialty .......................................................
(please print)

B o ok s

R ecei ved

Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
Chirurgische Operationen. Ein Atlas fur die
Praxis. Band II: Bauch, Urologie, Wirbelsaule,
Nervensystem. Horst-Eberhard Grewe and Karl
Kremer. 705 pp. Illust. Georg Thieme Verlag,
Stuttgart, W . Germany; Intercontinental Medical
Book Corporation, New York, 1964. DM. 98.—.
$26.50 (approx.).
Correctable Renal Hypertension. Chester C.
Winter. 190 pp. Illust. Lea & Febiger, Philadel
phia; The Macmillan Company o f Canada Lim
ited, Toronto, 1964. $8.25.
Creative Minds in Medicine. Scientific, Human
istic, and Cultural Contributions by Physicians.
William Carleton Gibson. With a foreword by
Paul Dudley White. 238 pp. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto, 1963.
$ 8 . 10.

Diagnostic Urology. Edited by James F. Glenn.
415 pp. Illust. Hoeber Medical Division, Harper
& Row, Publishers, Inc., New York, N.Y., 1964.
$13.50.
Human Reproduction and Sexual Behavior. E d
ited by Charles W . Lloyd. 564 pp. Illust. Lea &
Febiger, Philadelphia; The Macmillan Company
of Canada Limited, Toronto, 1964. $13.75.
Le Pancreas. Sous la direction de Guy Albot et
Felix Poilleux. 310 pp. Illust. Masson & Cie, Paris,
1964. 76 F. ($15.20 approx.).
Modern Trends in Orthopaedics 4: Science of
Fractures. Edited by 1. M. P. Clark. 254 pp. Illust.
Butterworth & Co. (Canada) Ltd., Toronto, 1964.
$13.50.

Pediatric Ophthalmology. Edited by L. Byerly
Holt. 403 pp. Illust. Lea & Febiger, Philadelphia;
The Macmillan Company of Canada Limited,
Toronto, 1964. $13.25.
Saint Bartholomew’s Hospital Reports (New
Series). Vol. I. Cancer Report 1948-1952. Edited
by A. W. Franklin and M. P. Curwen, with a
Preface by Sir James Paterson Ross, Bart. 158
pp. Illust. Published for the Treasurer and G ov
ernors of St. Bartholomew’s Hospital by E. & S.
Livingstone Ltd., Edinburgh and London; The
Macmillan Company of Canada Limited, Toronto,
1963. $5.40.
Shock. Edited by S. G. Hershey. 308 pp. Illust.
Little, Brown and Company, Boston; J. B. Lippincott Company of Canada Ltd., Montreal 1964.
$12.50.
Surgical Clinicopathological Conferences o f the
Massachusetts General Hospital. Edited by Benja
min Castleman and John F. Burke. 249 pp. Illust.
Little, Brown and Company, Boston; J. B. Lippincott Company of Canada Ltd., Montreal, 1964.
$13.50.
The Temporomandibular Joint. 2nd ed. Edited
by Bernard C. Sarnat. 260 pp. Illust. Charles C
Thomas, Springfield, 111.; The Ryerson Press, T or
onto, 1964. $15.00.
Traitement
Chirurgical
des
Malformations
Luxantes de la Hanche chez l’Adulte. R. Merle
d’Aubigne, J. Evrard, A. Flores, B. Juteau, B.
Maudhuit, M. Postel, J.-O. Ramadier, D . Simonin
et J.-M. Vaillant. 106 pp. Illust. Masson & Cie,
Paris, 1963. 20 F. ($4.00 approx.).
Traitement Chirurgical des Prolapsus Genitaux.
R. Merger, I. Levy, T. Melchior et J. Barrat 74
pp. Illust. Masson & Cie, Paris, 1964. 26 F. ($5.20
approx.).
Tropical Splenomegaly. A. K. Basu and B. K.
Aikat. 195 pp. Illust. Butterworth & Co. (Canada)
Ltd., Toronto, 1963. $11.25.
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BOOK REVIEWS
(See also pages 399, 413, 432, 437, 442, 463, and 469)
THE SCIENCE OF SURGERY. (Blakiston Out
line Series.) Edward H. Storer, James W . Pate
and Roger T. Sherman. 540 pp. Illust. McGrawHill Company of Canada Limited, Toronto,
1964. $8.65.

The authors divide the teaching o f surgery
into three parts—science, technique and art.
Their volume consists of a concise outline of
the science of surgery and makes no pretense
of covering the technical aspects such as
would interest the young surgeon undergoing
postgraduate training. The book is designed
purely for the undergraduate student and con
sists o f excellent chapters based on lectures
and demonstrations given at the University of
Tennessee.
Surgical subspecialties are not generally in
cluded with the exception of cardiovascular
and thoracic surgery which is dealt with in
reasonable proportion to the rest of the field.
Fractures are not included, but the last two
chapters deal with multiple-system injuries
and mass casualties. The book is the latest
addition to the Blakiston Outline Series.
Those responsible for the teaching of sur
gery in faculties of medicine would do well
to study this book as a possible addition to
the curriculum. The presentation is extreme
ly condensed, but very readable and entirely
modern in outlook and approach. The volume
is sparsely illustrated with line drawings of
considerable ingenuity and teaching value. This
book is one of the most attractive o f the short
outlines available and may well prove very
popular with the undergraduate student of
surgery.
SIDE EFFECTS O F DRUGS. 4th ed. Edited by
L. Meyler. 356 pp. Excerpta Medica Founda
tion, 119-123 Herengracht, Amsterdam, The
Netherlands, 1963. $7.50.

A new edition of this volume, derived from
the medical literature o f the world, makes a
welcome and valuable addition to the library
of any surgeon. The book is not large or bulky
and could be placed on hospital wards, in the
emergency department, the operating room,
or wherever emergency drug reactions might
be encountered.
The main value of the book to the practis
ing surgeon is as a reference. The enormous
range of newer agents frequently encountered
in the management of surgical patients ren
ders the pharmacological teaching which most
surgeons recall from their undergraduate days
completely obsolete. One has only to mention
headings such as muscle relaxants, hypoten
sive agents, antibacterial agents, hormones and
synthetic substitutes, anticoagulants, immuno
logical agents, and radioactive isotopes to re
alize the importance of having such a volume
nearby.

THROMBOPHLEBITIS. A Treatise on Its Eti
ology, Diagnosis and Treatment. J. Earle Estes.
66 pp. Charles C Thomas, Springfield, 111.; The
Ryerson Press, Toronto, 1964. $5.50.

This small book, a treatise on the etiology,
diagnosis and treatment o f thrombophlebitis,
is, as is stated in the preface, “the author’s
personal comprehension of the problem of
thrombophlebitis” . This book will be of value
to students and physicians in practice and is
not intended to be an encyclopedia on venous
thrombosis. The author’s discussion of defini
tion, etiology and clinical aspects of thrombo
phlebitis is excellent. The 14 pages used
for discussion of the medical treatment of the
disease are very well done. Two pages are de
voted to the surgical treatment. Many author
ities will disagree with some of his views,
particularly on the value of inferior vena-caval
ligation in repeated pulmonary emboli and
thrombectomy in severe ilio-femoral throm
bosis in that, whenever surgery is carried out
for this problem, it surely should be combined
with medical treatment. Most surgeons will
agree that femoral vein ligation is a poor
operation but ligation of the long saphenous
in ascending thrombosis of that vein may be
life-saving.
MANAGEMENT OF ORAL EMERGENCIES.
Daniel M. Laskin. With a Foreword by Ber
nard G. Sarnat. 107 pp. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto,
1964. $6.50.

This short monograph attempts to cover the
emergencies arising in the dental patient. The
sections on Admitting, Operative and Post
operative Emergencies contain brief discus
sions o f the diagnosis and treatment of com 
mon conditions of the head and neck, with
particular emphasis on the dental problems.
The section on Emergencies Associated with
Use o f Local Anesthesia covers the three cate
gories o f reactions, namely, allergic, toxic and
hypersensitivity.
The book is concisely written and well illus
trated and should be of particular interest to
the dentist. It could have a place in the
emergency department of hospitals but has
little to offer most medical practitioners.
NOUVELLE PRATIQUE CHIRURGICALE ILLUSTREE. Fascicules X XI et X XII (New Sur
gical Practice Illustrated, Fascicles XXI and
XXII). Edited by Jean Quenu. 279 and 280 pp.
Illust. Editions Doin, Deren & Cie, Paris, 1963.
Fascicule XXI, 50 NF. ($10.00 approx.); Fasci
cule XXII, 54 NF. ($10.80 approx.).

Cette nouvelle pratique chirurgicale illustree
publiee sous la direction du professeur Jean
Quenu fait suite a la pratique chirurgicale il(Continued on page 476)
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Over 15,000 cases of
surgery for cancer
of head and neck, lung,
breast, cervix, uterus,
bladder, colon and
anorectum have already
been performed using

BRAND OF M O N O XYC H LO R O SEN E

yet not a single case o f human
toxicity has been reported on
Available in units of
4 X 5 gram bottles
from drug whole
salers everywhere.

the use o f the drug in the
recommended concentrations.

REFERENCES:
GLIEDMAN, M., GRANT, R., ROGERS, C. AND KARLSON, K. E.: Clorpactin, A. Surgical Adjunct; Tumorcidal
and Antimicrobial Properties, “Surgical Forum” of the American College of Surgeons, Vol. V III, 1958.
BACON, HARRY E., and BERKLEY, J. L.; Refinenients in Prevention of Recurrent Carcinoma Prior to and
During Resection of the Colon and Rectum; Preliminary Report; J. of the Int'l College of Surgeons
Vol. 30, No. 5, Nov. 1958.
'
SOUTHWICK, HARRY W. and COLE, WARREN H.; Prophylactic and Adjuvant Measures in the Treatment
of Carcinoma of the Colon; N. Y. State Jour, of Med., P. 86-103, Vol. 59, No. 1, Jan. 1, 1959.
SMITH, ROBERT A., LT. (MC) U.S.N. Clorpactin XCB: Its use in Urology in the Surgical Treatment of
Malignant Neoplasms; Journ. of Urology, April 1959.
CASTIGLIANO, S. G. and SHIGEOKA, E. H.; incidence of Skin Graft “Takes” After Clorpactin XCB Wound
Irrigation. A.M.A. Archives of Surgery. Dec. 1960.

Complete literature and references available upon request.
* P le a s e note that C lo rp a c tin W C S - 9 0

is an a n t im ic r o b ia l a g e n t a n d n o t fo r u se in d e stro y in g v ia b le tu m o r c e lls
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lustree de Victor Pauchet. Ce travail est tres
bien connu et nous pouvons dire un classique
parmi tous les chirurgiens de langue frangaise.
11 s’agit d’un atlas de chirurgie contenant a
chaque page une illustration et avec quelques
lignes de texte explicatif au bas de la page.
De plus, au debut de chaque chapitre, hauteur
donne quelques aspects du diagnostic et la
eonduite a tenir dans les soins pre- et postoperatoires.
Les volumes 21 et 22 suivent en somme la
marche qui avait ete etablie dans les editions
preeed'entes avec cette difference que les
techniques modernes y ont ete ajoutees. C’est
un vblume que nous pouvons recommander
a tous les chirurgiens et en particulier aux re
sidents en chirurgie.
Le seul reproche que nous ayons a faire a
cet ouvrage est son manque de classification,
eomme dans les autres ouvrages du meme
genre. E n effet, dans un meme fascicule, on
peut trouver des techniques se rapportant a la
chirurgie du colon, a la neuro-chirurgie ou a
la chirurgie thoracique. Ceci n’a cependant
d’inconvenient en ce qu’il faut posseder tous
les volumes si Ton desire avoir les techniques
se rapportant a un seul sujet.
HANDBOOK
OF
HISTOPATHOLOGICAL
TECHNIQUES. 2nd ed. C. F. A. Culling. 579
pp. Must. Butterworth & Co. (Canada) Ltd.,
Toronto, 1963. $14.75.

The second edition of this book has grown by
approximately 100 pages of text. This growth
reflects the incorporation of much new infor
mation, especially in Chapter 1, The Cell, and
Chapter 2, Methods of Examination of Tissues
and Cells. In Chapter 2, cryostat and fluor
escent antigen-antibody techniques are intro
duced. Comparable additions appear through
out.
The list of appropriate references is aug
mented and updated. Several of the illustra
tions portray types of equipment not common
ly used in North America.
This handbook deserves a place in the histo
logical and histopathological laboratory, par
ticularly so if a technology training program
is in operation. The presentation is clear,
straightforward and in good sequence. It is an
excellent textbook for medical laboratory tech
nology students as an introduction and in
preparation for more advanced registration.
INDICATIONS AND TECHNIQUES IN AR
TERIAL SURGERY. Edited by Peter Martin.
112 pp. Must. E. & S. Livingstone Ltd., Edin
burgh and London; The Macmillan Company
of Canada Limited, Toronto, 1963. $5.50.

This is a useful little book of 112 pages, clearly
printed and clearly illustrated. It consists of
eight chapters and covers the arteries of the
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leg, the pelvic vessels, the carotid and verte
bral arteries, the superior mesenteric and celi
ac axis arteries. It also deals with renal artery
stenosis, aneurysms, and arterial embolism. Six
well-known British vascular surgeons have
contributed to this book. In general there is
little to disagree with in either the techniques
propounded or in the indications for surgery.
Useful tips in technique have been presented
in a number of cases. There is a good prelim
inary chapter on the whole subject of periph
eral ischemia.
Mr. Mavor contributes the chapter on per
ipheral artery grafting and agrees with the cur
rently held view that the by-pass graft, using
the long saphenous vein, is preferable for
femoral obliterative arterial disease. The re
viewer would not agree with him that the
handling of the vein graft is more difficult than
the handling of synthetic graft, nor would he
agree that it is necessary to turn the patient
and make a midline incision to get at the
popliteal artery. The reviewer feels that the
leg bent and rotated externally gives ex
cellent access to the popliteal artery through
the medial approach.
Mr. Cockett contributes the chapter on
endarterectomy. He is a well-known propon
ent of the “rebore” operation for femoral ar
tery block. Most vascular surgeons nowadays
feel that this is less satisfactory than the by
pass graft. Eastcott’s contribution deals with
the external cerebral vascular system and the
surgery of this. The reviewer would not agree
with him that local anesthesia is preferred. On
this continent general anesthesia with main
tenance of perfusion by raising the systolic
blood pressure would appear to be the pre
ferred method. He says little about the clear
ance of the vertebral artery. There is a good
chapter on renal artery stenosis and also a
good chapter on the treatment of aneurysm.
This describes a method of dealing with the
aneurysm without excision of the whole an
eurysm and leaving the posterior wall in situ,
which is to be commended.
Chapter 8, contributed by Mr. Tibbs, is
clearly written. However, the reviewer would
not agree with him that general anesthesia is
the preferred form. The vast majority of embolectomies can be performed very satisfac
torily under local anesthesia with, much less
danger to the patient. Furthermore, the use of
the Fogarty catheter has revolutionized the
method of embolectomy. It is no longer neces
sary to do the retrograde flush or to make
various arteriotomies. Furthermore, most sad
dle emboli can be cleared through the femorals by this surprisingly effective technique.
The principles outlined in Chapter 8 on per
ipheral arterial embolism are sound. However,
as already stated, the latest techniques have
obviated much of what is said in this chap
ter.
(Continued on page 478)
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INTENSE O.B. ANALGESIA WITH
LIGHT ANAESTHESIA: PENTHRANE*
METHOXYFLURANE

Low concentrations are effective
in labor and childbirth
E xcellent analgesia is a prim e quality of
P enthrane in obstetrics. T hus Boisvert and
Hudon, studying Penthrane in 500 deliveries,1
cite as an outstanding feature its high level of
analgesia under a light plane of anaesthesia.
In their study they report: “The intensity and
rapidity of onset of analgesia is remarkable,
occurring within the first two minutes of Pen
thrane inhalation. It seems evident that anaes
thesia is obtained much faster in obstetrical
cases than surgical cases. It is also obtained with
much lower—indeed minimal—concentrations.”

Persistent analgesia
Similarly Romagnoli and Korman, studying
645 deliveries,- comment on how “the analge
sic effect lingered between pains.” This is in
keeping with observations of analgesia persist
ing during the recovery period following sur
gery. 3’4’5 The obstetrical investigators managed
labor pains with much lower amounts of Pen
thrane than are used in surgery. Vapor con
centrations of only 1% suffice for anaesthesia,
and 0.42% for analgesia. They considered
their results “most gratifying.”

Called a drug of choice in
obstetrical anaesthesia
Penthrane is a unique type of ether (a halogenated ethyl methyl ether). It is nonflamma
ble, and virtually free of delirium and vomiting

L A B O R N O T IM P E D E D
The studies cited confirm that at these
light dosage levels, Penthrane does not
interfere with labor.
The first group1 reported: “It cannot be
overemphasized that light Penthrane an
aesthesia does not stop or depress uterine
contraction. Actually, it often seems to
stimulate and accelerate contractions...”
The other group2 commented: “The
obstetricians as well as the nursing staff
felt that labor was never arrested or even
delayed. .. ”

Effect o f Penthrane on respiration of
the newborn has been minimal. M ost
infants cry within the first minute.

during induction. It permits extremely stable
cardiac function. It yields easily controlled
anaesthesia, with excellent safety margins.
Boisvert and Hudon state, "In our opinion,
it is the drug of choice in obstetrical anaesthe
sia.”1 In evidence, they cite its rapid induction,
high level of analgesia under light anaesthesia,
very low incidence of vomiting, minimal de
pression of uterine contractions, minimal res
piratory depression of the fetus, and the quiet
and rapid recovery.

Prompt induction, recovery
The obstetric patient can be induced rather
quickly, reaching a plane deep enough for use
of forceps within several minutes. Induction
is smooth and pleasant. There is no coughing
or struggling.
Unless the procedure has been long, recovery
is also short, with the mother awake on the
delivery table within several minutes. Anaes
thetic is generally discontinued when suturing
of the episiotomy begins.
A ny m od ern e th e r vaporizer is su ita b le ,
Self-administration with the Cyprane Trilene
inhaler has also been successfully used.
1. B oisvert, M ., a n d H udon, F., C an . A naes. Soc. J.,
9:325, July, 1962. 2. Romagnoli, A ., and K o rm a n , D .,
C an. A naes. Soc. J., 9:414, Sept., 1962. 3. K aveny, R .
E ., an d W asm uth, C. E ., Cleve. C lin. Q t., 29:148, July,
1962. 4. Thom asen, R ., et al., A naesth. & A nalg. C.
R ., 41:225, M arch, 1962. 5. A rtusio, J . F ., e t al.,
A naesthesiology, 21:512, Sept., 1960.
-K-TRADE MARK REGISTERED

ABBOTT LABORATORIES

LIM ITED

Montreal •Toronto

•Winnipeg

•Vancouver
41263
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This small book will be very useful to all
vascular surgeons, particularly to those starting
out on careers in vascular surgery.
TECHNIQUES AND PROCEDURES OF ANES
THESIA. 3rd ed. John Adriani. 647 pp. Must.
Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1964. $12,50.

The third edition of this classic text, first pub
lished in 1947, will surely be welcomed by
all students of the art and science of anes
thesiology. So intimate is the relationship be
tween the anesthetist and the surgeon that it
would be well if all operating surgeons were
to spend some time in the study of the prob
lems faced by their colleagues in maintaining
the patient in optimal condition. As in the
previous editions, this revised version is prin
cipally a condensed outline of detailed tech
niques, but the explanations given throw con
siderable light upon the basic physiological
considerations which have to be understood
both in the operating room and in the recov
ery room. The detail on the use of equipment
designed to assist ventilation is of great inter
est and well illustrated. The book should be
in every surgical library.
WOUND HEALING AND MANAGEMENT. A
Monograph for Surgeons. D. M. Douglas. 175
pp. Must. E . & S. Livingstone Ltd., Edinburgh
& London; The Macmillan Company of Canada
Limited, Toronto, 1963. $10.75.

This monograph is directed to the surgeon. It
aims, in concise form, to outline the biology of
wound healing and to discuss some aspects of
the management of the surgically incised
wound. It is not a detailed review of wound
healing or its important ramifications that so
greatly affect the surgeon.
Divided into two section, the first, on the
pathology of the healing wound, discusses the
subject in a superficial fashion. The histology,
pathology and biochemistry are outlined in a
manner that stimulates the interest but avoids
detail. The subject of systemic influences of
wound healing, including the role of protein
and ascorbic acid deficiency, is incomplete and
adds nothing to the same material presented
in more standard works on this subject.
The use of the tensiometer in the measure
ment of the tensile strength of wounds is dis
cussed, including the author’s own work in
this field. The comparison of the tensile
strength of the aponeurosis of the abdominal
wall is of considerable interest. The section
dealing with bone healing is a synopsis of the
work of Ham and Harris.
T he second section of the book deals with
certain aspects of wound management, espe
cially the prophylaxis of infection. A chapter
on operating-room design, based on the ar
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rangements at the Dundee Teaching Hospital,
has much merit. This is followed by a good
review of sterilization techniques, including
the advantages and disadvantages of the use
of ionizing radiation in the sterilization of
surgical materials.
Whereas the subject of skin preparation,
soaps and suture materials is presented in
some detail, the discussion of wound dehis
cence and incisional hernia is too brief to be
of value.
The book fulfils its aim of presenting con
cisely some of the important aspects of wound
healing. It is easy to read and, in many areas,
of great interest, but in general this mono
graph is too superficial to be of real value.
CANCER. Progress Volume 1963. Edited by Ron
ald W. Raven. 254 pp. Must. Butterworth &
Co. (Canada) Ltd., Toronto, 1963. $13.50.

This volume is a selective study of the more
significant advances in cancer research and
treatment in the past decade. It deals suc
cinctly with a varied group of topics such as
tumour virology, tumour epidemiology, radia
tion and chemotherapy. Each synopsis is ac
companied by an extensive bibliography of the
recent contributions to the literature, yet makes
no attempt to review completely the subject
concerned. The contributors include promin
ent international investigators and clinicians.
The chapter on tumour virology, by R. J.
C. Harris, records the electron microscopy, nu
cleic-acid chemistry and epidemiology of the
known and suspected oncogenic viruses.
A discussion by E. H. Mercer of the role of
election microscopy in tumour study is in
cluded.
The epidemiology and geographic distribu
tion of cancer are dealt with in some detail
and the work of Dr. Burkitt, on the geograph
ical distribution of lymphoma in African chil
dren, will be of interest to anyone not familiar
with this subject. The relationship of air pollu
tion and lung cancer is discussed, as is the
relationship of soil chemistry to carcinoma of
the stomach.
Dealing with circulating cancer cell, Goldblatt and Nadel outline the techniques of cell
isolation, concentration and slide preparation.
They record the sources of error and com
pare the findings of investigators using differ
ent techniques.
Of interest to the practising surgeon is the
section on the biological approach to cancer
surgery which deals with the known factors
concerning tumour growth, dissemination and
biological activity as related to surgical treat
ment.
This monograph will be disappointing to
the reader in search of a comprehensive re
view of the subject of cancer but will be
valuable to the investigator seeking a synopsis
and bibliography of any of the subjects dis
cussed.

